OPTICAL ELEMENT, WINDOW MATERIAL, FITTING, AND INSOLATION SHIELDING DEVICE
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to an
optical element, a window material, a fitting, and an insolation shielding device, each of which can
suppress the change in color tone. 2. Description of the Related Art In recent years, building glass
for high-rise buildings and houses and window glass for vehicles have been increasingly provided with
layers for absorbing or reflecting some of sunlight. The glass described above is one of
energy-conservation measures in order to prevent global warming and aims to reduce the load on
air-conditioning systems that is applied thereto by an increase in indoor temperature when optical
energy emitted from the sun enters an indoor space through a window. The optical energy emitted
from sunlight pAEERY: intlEdEs ightinthewisiBeEiebidn havingla wavelehdgth Tahde 871880 to 780 nm
and light in the near-infrared region having a wavelength range of 780 to 2,100 nm. In particular, since
being irrelevant to human visibility, the tr%%%a}ﬁjn%ﬁgr%}e %?Egz\%%gdow in the latter wavelength range, that
is, in the near-infrared region, is an important factor that determines whether the window has highly
transparency and highly heat-shielding properties. As a method for shielding near-infrared light
while maintaiing B Hanspamsicyiinihsisible region, for example, there may mentioned a method
for providing window glass with an optical element having a high reflectance in the near-infrared
region. As for thi& Hiethod” a'tethniglieva$’Been disclosed in which an optical multilayer film is used
as a reflective laygr, (for, example,; see Japanese Unexamiged Paient Application-Rublication No.
2007-152773). However, since this type of reflective layer is provided on a flat film or window glass,
specular reflectibnvofimcident sundighit can only begpexforiesk Henoer; light.edmingsfrom the sky and
specularly reflected reaches another outdoor building or the ground and is changed into heat by

absorption, ¥HaL4€ a restlt, 44 affbieht fEipSratire Sintfsased® A¢tordingiy; Srourid the periphery of
a building i@whi%g&g lective A%y%rﬁea%gggqggg%ggove are adhered to all windows, various

problems occur, that is, for example, since a local increase in temperature occurs, a heat island
phenomenon is pometeckinar aehan area, anthlawris:are Motrgronghenlysr an:areaiin@siated with
reflected light.
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However, heretofore, a heat ray shielding film has been designed by forming a multilayer film on a flat
plate. When a multilayer film is designed by this related method, since the refractive index at at least
one interface of the multilayer film and the incident angle of light incident on the interface are changed,
a designed spectrum deviates from the optimal value, and the color tone is disadvantageously
changed to have blueness or redness. Accordingly, it is desirable to provide an optical element, a
window material, a fitting, and an insolation shielding device, each of which can suppress the change
in color tone caused by the change in incident angle. According to an embodiment of the present
invention, there is provided an optical element including: a first optical layer having a light emission
surface; a wavelength-selective reflective layer provided on the first optical layer; and a second optical
layer providedson:the waxelength-seteciive irgfleéctiver layep andriayving.a lightiricideree: surface. In this
optical element, the wavelength-selective reflective layer has a structure including at least five layers in
which high rétrattiveiAdex $afers S metal layers are alternately laminated to each other, when a
geometric film thickness, |, of the gntire.waelgngth-gelective refleativeiqyer.is, 80 . a ratio a of an
optical film thickness of the entire metal layers to an optical film thickness of the entire high
refractive-indexdayens:and aratio p:okan optical film thicknessiof acthirgbhigh refraetive-index layer
from one of a first optical layer side and a second optical layer side to an optical film thickness of a first
high refractivécieeés layertheréfiomiare inelitied dn BfifePredion stffothdedy tHefeiowing formulas
(2) to (4), when the geometric fiIm.thi%ne s_L of the entire wavelength-selective reflective layer is 90
nm, the ratic %agr?d ‘&legpatﬁon a?g%ﬁaﬁ e ?r? %es%tc%%vrjé%?onasﬂl}rgﬁn553%[)?/% %I}Sffovj\"/ﬁ}lg formulas (5)
to (8), and when the geometre dikm thickness Lzof the entire wavetength-selectivereflestive layer is in a
range of 80 to 90 nm, the ratio a and the ratio p are included in a space enclosed by the first region,
the second fégiokcand e folivdifig formbias (93 fo 121 ax10 00b4PL490053R+0.0065 ... (1)
a:-1x10-5112+%0004+0.0Q 6 .. t%zg ari-lx10-53(§2+0.0005Pf0.0%19 o g%) a:O.ngll4 .. (4)
a-0.0002133%6:0039[3+6.0087(Bf ~°Yer [For example, see Japenes

Unexamined Patent Application Publication No. 2007~152773}).
However, since this type of reflective layer is provided on
a flat film or window glass, specular reflection of incident
sunlight can only be performed. Hence, light coming from
the sky and specularly reflected reaches another outdoor
building or the ground and is changed into heat by
absorption, and as a result, an ambient temperature is
increased. Accordingly, around the periphery of a building
in which the reflective layers as described above are
adhered to all windows, various prcoblems cccur, that is, for
example, since a local increase in temperature occurs, a
heat island phenomencon is promoted in an urban area, and
lawns are not grown only in an area irradiated with

reflected light.

SUMMARY OF THE INVENTION



a=-3x10-132+0.0010+0.0038 ... (6) a=-2x10-132+0.0000+0.0112 ... (7) a=0.010589 ... (8)
(P-0.5)/0.67=(a-0.01059)/0.00152478=(90-L)/10 ... (9)
(11-5.5)/3.75-(a-0.01059)/0.00152478=(90-L)/10 ... (10)
(P-10.4)/10.6=(a-0.01516)/0.00067768=(90-1)/10 ... (11) (P-0.8)
/0.45-(a-0.01161)/0.0008471=(90-1)/10 ... (12) According to another embodiment of the present
invention, there is provided an optical element including: a first optical layer having a light emission
surface; a wavelength-selective reflective layer provided on the first optical layer; and a second optical
layer provided on the wavelength-selective reflective layer and having a light incidence surface. In this
optical element, the wavelength-selective reflective layer has a structure including at least five layers in

which high refractiversingex, layers-and sietal layeks are-alfermatelydaminated{oreach-ether, when a
geometric film thickness L of the entire wavelength-selective reflective layer is 90 nm, a ratio a of an
optical film tHickrigssofthe titine tHetal 1ayers 16 apTopticarfilvg thicknéds Bl thelentireigh
refractive-index | yers and afrgyg pigf §g Sg)f)tigaldfilg\ thi?fknesrseqf qttfgrqn Q%Dgfractiv%-index layer

from one of a firs opfi%glelzéyer sille*and &°setond oﬁ‘[ic% Jfasyer side 16 an optical fifi tickness of a first

high refractivezindexlayearitherefrem;argdngluded.in @ first ragien sesraungieddhy. the following formulas
(5) to (8), when the geometric film thickness L of the entire wavelength-selective reflective layer is 100

nm, the ratio\al 4ad #ve ratfo prareridclutedin alsecondregion strrouabed bycthesfollowing formulas
(13) to (16),t %nd Whten Lh% eopeetri% g'rlzm etQickge sé_iofntgglesntge %/v%\{nelgré t?é%%gct'\é% reflectivg layer
is in a range of 90’16 100 im, THE ratic aand the ratio’p are inclided if'a Space enclosednby the first
region, the seeong.regign, aad the followingformulas (4110 €20)4i sadvantageously
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a-0.0000+0.0039[3+0.0087 ... (5) a=-3x105132+0.0014P+0.0038 ... (6)
a=-2x1055132+0.000613+0.0112 ... (7) a=0.010589 ... (8) ae-0.00002+0.005513+0.0057 ... (13)
a-0.00002+0.004513-0.0067 ... (14) a=-4x105132+0.001P+0.0099 ... (15) a=0.009403 ... (16)

(0.7-P)/0.2-(a-0.0094)/0.00118594-(100-1)/10 ... (17) (P-4.4)/1.1-(a-0.0094)/0.00118594-(100-L)/10 ...

(18) (13-6.5)/3.9-(a-0.01432)/0.0008471-(100-L)/10 ... (19)

thickness of the entire high refractive-index layers and a
ratic B of an optical film thickness of a third high
refractive-index layer {rom one of a first optical layer
side and a second optical layer side to an optical film
thickness of a2 first high refractive-index layer therefrom
are included in a first region surrounded by the following
formulas {1) to (4}, when the gecmetric film thickness L of
the entire wavelength-selective reflective laver is 90 nm,
the ratio o and the ratio B are included in a second region
surrounded by the following formulas {5) to (8}, and when
the geometric film thickness L of the entire wavelength-
selective reflective laver 1s in a range of 80 te 90 nm, the
ratio o and the ratio [} are included in a space enclosed by
the first region, the second region, and the following

formulas (8) to [(12).

a=—0,0004B*+0.0053B+0.0065 ... {1)
a=-1x107B*+0.0007R+0.0066 ... (2)
o=-1x107°B*+0.00058+0.0119 ... (3)

=0.012114 ... (4)

o=-0.0002B%+0.0039B+0.0087 ... (5)
a=-3x107B*+0.0014B+0.0038 ... (6)
o=-2x107°B*+0.0006B+0.0112 ... (7)

0=0.010589 ... (8)
(B-0.5)/0.67=(a-0.01059)/0.00152478=(90-1) /10 ... (9)
(B-5.5)/3.75=(t-0.01059) /0.00152478=(90-L) /10 ... (10)



(1-13)/0.2-(a-0.01093)/0.00067768=(100-L)/10 ... (20) According to another embodiment of the
present invention, there is provided an optical element including: a first optical layer having a light
emission surface; a wavelength-selective reflective layer provided on the first optical layer; and a
second optical layer provided on the wavelength-selective reflective layer and having a light incidence
surface. In this optical element, the wavelength-selective reflective layer has a structure including at
least five layers in which high refractive-index layers and metal layers are alternately laminated to each
other, when a geometric film thickness L of the entire wavelength-selective reflective layer is 100 nm, a
ratio a of an optical film thickness of the entire metal layers to an optical film thickness of the entire
high refractive-index layers and a ratio p of an optical film thickness of a third high refractive-index
layer from ope-afca firstiaptical kayer sidel and @, secmd; epticad dayer/side to anaptjcal film thickness of
a first high refractive-index layer therefrom are included in a first region surrounded by the following
formulas (13Ptc?(1%)/ Wheh-the teormetric filth- thidkiessL! 8PtHe) éhtire-wavélenyth-selective reflective

layer is 120 nm, tr%e ratio a andtthe rgti%{) aree\iﬁ?c(l)u (;ﬂdli1 aosgcgnd regioge%ucrrounded by the following
formulas (21) to ( Lf)?%ﬁ Wien theé' g%omee]:[ric iim thickness L of the'entire wavelength-selective
reflective layerisHn a-fange-ef10Q to 42Qnmthesratioa and the ratie prargripclugded,in aspace
enclosed by the first region, the second region, and the following formulas (25) to (28).
a=-0.00042£0 005513400057 2 ¥ ¢1:3) 01000 21 32+0:0044-05606 7 . s{xfpce; a

o ooLA 8525 e G s Tertotitve RGBT OGO
a=-0.00141 . -0.0

optical laver; and a second optical layer provided on the

. (21)

wavelength-selective reflective layer and having a light
incidence surface. In this optical element, the wavelength-
selective reflective layer has & structure including at
least five layers in which high refractive-index layers and
metal layers are alternately laminated to each other, when a
geometric £ilm thickness L of the entire wavelength-
gelective reflective laver is 90 nm, a ratico o of an optical
film thickness of the entire metal layers to an optical film
thickness of the entire high refractive-index layers and a
ratic P of an cptical film thickness cf a third high
refractive-index layer from one of a first optical layer
side and a second optical layer side to an optical film
thickness of a first high refractive-index layer therefrom
are included in a first region surrounded by the following
fermulas (b} to (8), when the geometric film thickness L of
the entire wavelength-selective reflective layer is 100 nm,
the ratio o and the ratioc B are included in a second region

surrounded by the following formulas (13) to (16}, and when



a=-9x10-5p2+0.0015Vv0.0084 ... (23) a=0.007709 ... (24)
(P-0.6)/0.1-(a-0.00771)/0.0016942=(120-L)/20 ... (25) (P-3.6)/0.8=(a-0.00771)/0.0016942=(120-L)/20
... (26) (P-4.25)/2.25=(a-0.0133)/0.00101652-(120-L)/20 ... (27) :
(P-0.9)/0.1=(a-0.00974)/0.00118594-(120-L)20 ... (28) According to another embodiment of the
present invention, there is provided an optical element including: a first optical layer having a light
emission surface; a wavelength-selective reflective layer provided on the first optical layer; and a
second optical layer provided on the wavelength-selective reflective layer and having a light incidence
surface. In this optical element, the wavelength-selective reflective layer has a structure including at
least five layers in which high refractive-index layers and metal layers are alternately laminated to each
other, whena,gegmetei¢ film thickness L-oftheentire waveleagth:selegtive reflective layer is 120 nm, a
ratio a of an optical film thickness of the entire metal layers to an optical film thickness of the entire
high refractivelindéx vayers Qrela ¥ato pofan optical finrthickness ofa third:Mghtréfractive-index
layer from one of a first oég(tical Iayer side andﬂ second opti%aléayer side to an %ptigial fiIrH thickness of
a first high reftachive-itd Eﬁ%r “therdfiom are ncluded in-a 'ﬁrstjrre}g%nséjuar(r:c‘)eund]ec Bﬁ?he following
formulas (21)to(24) swhen the geametricfilmthicknessds af thesentirejwavelength-selective reflective
layer is 140 nm, the ratio a and the ratio p are included in a second region surrounded by the following
formulas (29xton(82)sand Whemtheigeometric film thickness L of the entire wavelength-selective
reflective layer is in a range of 120 to 140 nm, the ratio a and the ratio p are included in a space

2
enclosed b)})‘tﬁéaf'rrgpp o] O,tf%’%%%ﬁd Qgé%n and the following formulas (33) to (36).
am-O.OOOS@;&&Q@?%Q@Q@&.&BQ@) @8£014[32+0.019111-0.0422 ... (22)

o=-2x107°B*+0.0006B+0.0112 ... (7}

oa=0.01058% ... (8)

o=—0.0002R%+0.0055B+0.0057 ... (13)
a=-0.0002p%+0.0045B-0.0067 ... (14)
o=-4x107°B*+0.001B+0.0099 ... (15}

0=0.009403 ... (16)

(0.7-B)/0.2=(0~0.0094) /0.001185%24=(100-1L) /10 ... {17)
(B-4.4)/1.1={a-0.0094)/0.001185%4={100-L) /10 ... (18)
(B~6.5)/3.9=(~0,01432)/0.0008471=(100-L) /10 ... (19}
(1-B}/0.2={0-0.01093) /0.00067768=(100-1) /10 ... (20}

According to another embodiment of the present
invention, there is provided an optical element including: a
first optical layer having a light emission surface; a
wavelength-~selective reflective layer provided on the first
optical layer; and a second optical layer provided on the
wavelength-selective reflective layer and having a light
incidence surface. In this optical element, the wavelengih-

selective reflective layer has a struchture including at



a--9x105132+0.0015P+0.0084 ... (23) a=0.007709 ... (24) a-0.00142+0.0130-0.0027 ... (29)
P=10,132a2-241.39a+4.747 ... (30) a-0.00042+0.00213+0.0074 ... (31) a-0.006523 ... (32)
(0.75-p)/0.15-(a-0.00652)/0.00118594-(140-L)/20(33)
(3.65-13)/0.05--(a-0.00652)/0.00118594,-(140-L)/20 ... (34)
(3-3.3)/0.95-(a-0.01245)/0.0008471=(140-L)20 ... (35)
(3.47-P)/2.57-(a-0.00754)/0.00220246-(140-L)/20 ... (36) According to another embodiment of the
present invention, there is provided an optical element including: a first optical layer having a light
emission surface; a

least five layers in which high refractive-index lavers and
metal layers are alternately laminated to each other, when a
geometric f£ilm thickness L of the entire wavelength-
selective reflective layer is 100 nm, a ratio o of an
optical film thickness of the entire metal lavyers to an
optical film thickness of the entire high refractive-index
layers and a ratio B of an optical film thickness of a third
high refractive-index layer from one of a first optical
layer side and a second optical laver side to an optical
film thickness of a first high refractive-index layer
therefrom are included in a first region surrounded by the
following feormulas (13) te {16), when the geometric film
thickness L of the entire wavelength-selective reflective
layer is 120 nm, the ratio o and the ratio B are included in
a second region surrounded by the following formulas (21) to
(24), and when the geometric film thickness L. of the entire
wavelength-selective reflective layer is in a range of 100
to 120 nm, the ratioc o and the ratio B are included in =
space enclosed by the first region, the second region, and

the following formulas (25) to (Z8).

o=-0.0002°+0.0055B+0.0057 ... (L3)
a=~0.0002B%+C.0045B~0. 0067 ... (14)
a=—-4x107°B%+0.001B+0.0099 ... (15)
o=0.009403 ... (16)
a=-0,0003B%40.0074B+0.0033 ... (21}



wavelength-selective reflective layer provided on the first optical layer; and a second optical layer
provided on the wavelength-selective reflective layer and having a light incidence surface. In this
optical element, the wavelength-selective reflective layer has a structure including at least five layers in
which high refractive-index layers and metal layers are alternately laminated to each other, when a
geometric film thickness L of the entire wavelength-selective reflective layer is 140 nm, a ratio a of an
optical film thickness of the entire metal layers to an optical film thickness of the entire high
refractive-index layers and a ratio p of an optical film thickness of a third high refractive-index layer
from one of a first optical layer side and a second optical layer side to an optical film thickness of a first
high refractive-index layer therefrom are included in a first region surrounded by the following formulas
(29) to (32) ;when the ggometricofilm thigkness, L of the entire wavelength-selective reflective layer is
160 nm, the ratio a and the ratio p are included in a second region surrounded by the following
formulas (3®)to41); 4ind Gviish. i §ebffetric film thigkness L of the entire wavelength-selective
reflective layer is in a range of 140 to 160 nm, the ratio a and the ratio p are included in a space

enclosed by fhe-first F@g(%on,‘thefgé;c?ond region, and the following formulas (42) to (45).

a-0.0014+0.04.30-Q.0027, . (29), P=0;13282-2413%8:t4.744 .+, (3012-0.00092+0.004+0.0074 ... (31)
a=0.006523 ... (32) a-0.0002+0.0270-0.0145 ... (37) a=0.00442-0.0332P+0.07 ... (38) P=2.875 ... (39)

a=-0.00002+p-0025P+0.0062 -0 (40)71) /0.0016942=(120-1) /20 ... (26)
(Pp-4.25)/2.25=(0-0.0133)/0.00101652=(120-L) /20 ... (27}
(B-0.9)/0.1=(a-0.00974)/0.00118594=(120-1)20 ... (28)

According to ancother embodiment of the present
invention, there is provided an optical element including: a
first optical laver having a light emission surface; a
wavelength-selective reflective layer provided on the first
optical laver; and a second cptical layer provided on the
wavelength-selective reflective layer and having a light
incidence surface. In this optical element, the wavelength-
selective reflective layer has a structure including at
least five layers in which high refractive-index layers and
metal layers are alternately laminated to each other, when a
geometric film thickness L of the entire wavelength-
selective reflective layer is 120 nm, a ratio o of an
optical film thickness of the entire metal layers to an
optical film thickness of the entire high refractive-index
lavers and a ratio B of an optical film thickness of a third
high refractive-index layer from one of a first cptical
layer side and a second optical layer side to an optical

film thickness of a first high refractive-index layer



a=0.005676 ... (41) (0.9-P)/0.15=(a-0.00568)/0.0008471=(160-L)/20 ... (42)
(3.8-P)/0.15-(a-0.00568)/0.0008471=(160-L)/20 ... (43)
(p-2.85)/0.45=(a-0.01203)/0.00042355=(160-L)/20 ... (44)
(p-1.05)/2.42=(0.00864-a)/0.00110123=(160-L)/20 ... (45) According to another embodiment of the
present invention, there is provided an optical element including: a first optical layer having a light
emission surface; a wavelength-selective reflective layer provided on the first optical layer; and a
second optical layer provided on the wavelength-selective reflective layer and having a light incidence
surface. In this optical element, the wavelength-selective reflective layer has a structure including at
least five layers in which high refractive-index layers and metal layers are alternately laminated to each
other, when.ageomeiric il thicknessd ofithe entirewavelengthsselectiveseflectiveriayer is 160 nm, a
ratio a of an optical film thickness of the entire metal layers to an optical film thickness of the entire
high refractivelihdektaydreansla fatie p oftan opfical fithethickressoiethirdchigh réfractive-index
layer from otrkeig&% éié%,t oLptich k er sidce agd a second ggt_ical ig%ecris‘jge rt% ano tical film thickness of

a first high refractivé-index ?ayer Rerefrom aré inciuded in a first region surroun e%ivk?y the following

formulas (37} 1e.(41)swhen the gegmetricfilm thicknessHe of-thei entyeswavelengthrselective reflective
layer is 180 nm, the ratio a and the ratio p are included in a second region surrounded by the following
formulas (46) t=(49)dane Wwilten thegeoméerdc fitm thiekdeds bwithe eptireWaveletfythiselective
reflective la ?I%is inar nge of 1t§10 to 180 nm, thefr%i{(l) a and};[he ratio p are 'ncluded,inea space
enclosed b))l e first 7 gion,efhe ‘séecgr%ﬂrﬂeeglgﬁ,can& e F&fb%ﬁﬁ?&ﬁul%s (E ?t(??géf
a=-0.005P2+0,0223R-0:0145 o {37270 80442:0,0332P0.07..1(38) R=2.87505 (39)

to 140 nm, the ratio o and the ratio B are included in a

space enclosed by the first region, the second region, and

the following formulas (33) teo (36).

o=—-0.0003p%+0.0074B+0.0033 ... (21)
a=-0.0014p"+0.0191B-0.0422 ... {(22)
o=-9x107"B*+0.0015p+0.0084 ... (23)

a=0.007709 ... (24)

o=-0.0014B*+0.0136B~0.0027 ... (29)
B=10,1320°-241.3%0+4.747 ... (30}
o=-0.0001B%+0.002B+0.0074 ... (31)

0=0.006523 ... (32)

(0.75-B) /0.15=(a-0.00652)/0.00118594=(140-L}/20 ... (33)
(3.65-B) /0.05= (0~0,00652) /0.001185%94=(140-1) /20 ... (34)
(B=3.3)/0.95=(a—-0.01245)/0.0008471={140-1)20 ... (35)
(3.47-B)/2.57={0t-0.00754) /0.00220246={140-L) /20 ... (36}

According to ancther embodiment of the present
invention, there is provided an optical element including: a

first optical layer having a light emission surface; a



a-0.00002+0.002511+0.0062 ... (40) a=0.005676 ... (41) a=-0.0103P2+0.047P-0.0322 ... (46)
a=0.0093P2-0.0677P+0.1212 ... (47) a-0.00031140.0036(3+0.0046 ... (48) a=0.00498 ... (49)
(1.05-11)/0.15=(a-0.005)/0.00067768-(180-L)/20 ... (50)
(P-2.75)/1.05-(a-0.005)/0.00067768=(180-L)/20 ... (51)
(P-2.4)/0.45=(a-0.01177)/0.00025413-(180-L)/20 ... (52)
(1.2-13)/0.15-(a-0.00856)/0.00008471-(180-L)/20 ... (53) In all the optical elements according to the
embodiments of the present invention, since the film thicknesses of the individual layers of the
wavelength-selective reflective layer are set so that the ratio a and the ratio p are included in a
predetermined region, the change in color tone can be suppressed. As describe above, according
to the emboglirents, et thesprasent invention. the ¢hange i coles tere cavsediby therghange in

incident angle can be suppressed. BRIEF DESCRIPTION OF THE DRAWINGS
optical laver; and a second optical layer provided on the
wavelength-selective reflective layver and having a light
incidence surface. In this optical element, the wavelength-
selective reflective layer has a structure including at
least five layers in which high refractive-index layvers and
metal lavers are alternately laminated to each other, when a
geometric film thickness L of the entire wavelength-
selective reflective laver is 140 nm, a ratio o of an
optical film thickness of the entire metal layers to an
optical film thickness of the entire high refractive-index
layers and a ratio B of an optical film thickness of a third
high refractive-index layer from one of a first optical
layer side and a second optical layer side to an optical
film thickness of a first high refractive-index layer
therefrom are included in a first region surrounded by the
following formulas (29) to (32), when the geometric film
thickness L of the entire wavelength-gselective reflective
layer is 160 nm, the ratio o and the ratio B are included in
a second regilon surrounded by the following formulas (37) to
(41), and when the geometric film thickness L of the entire
wavelength-sslective reflective layer is in a range of 140
to 160 nm, the ratic a and the ratio P are included in a
space enclosed by the first region, the second region, and

the following formulas (42} tc (45).



Fig. IA is a cross-sectional view showing one structural example of an optical film according to a first
embodiment of the present invention; Fig. 1B is a cross-sectional view showing one example in
which the optical film according to the first embodiment of the present invention is adhered to an
adherend; Fig. 2 is a perspective view showing the relationship between incident light incident on
an optical film and reflected light reflected by the optical film; Figs. 3A to 30 are each a perspective
view showing one shape example of the structure formed in a first optical layer; Fig. 4Ais a
perspective view showing one shape example of the structure formed in the first optical layer; Fig.
4B is a cross-sectional view showing one structural example of an optical film including the first optical
layer in which the structures shown in Fig. 4A are formed,; Fig. 5 is a schematic view showing one
example of afaminatiapstuctarespt-a wavelength-selegtive reflective layer; Fig. 6A is a schematic
view showing one example of a wavelength-selective reflective layer in which a third and a fifth high
refractive-indiekdayérdre eath S¥phtatélinto awd #ers;  Fig. 6B is a schematic view showing one

example of AW \{%S?agﬁz;s&!eo?%/%ﬁ.ﬂg& Me layer (iglvyhich a third high refractive-index layer is
32)

separated into three rs an high refractive-index layer is separated into two layers;
o=0.006523 ... {
a=-0.005p*+0.0273B-0.0145 ... (37)
o=0.0043B°~0,0332p+0.07 ... (38)
B=2.875 ... (39)
a=-0.0001P%+0. 0025B+0. 0062 ... (40}
o=0.005670 ... (41)
(0.9-B)/0.15=(a-0.00568) /0.0008471=(160-L) /20 ... {42}
(3.8-B)/0.15={0x—0.00568)/0.0008471=(160-L)/20 ... (43)
{(3-2.851/0.45={a-0.01203)/0.00042355=(160~-L) /20 ... (44)
(B-1.05)/2.42=(0.00864-a)/0.00110123=(160-1) /20 ... (45)

According to another embodiment of the present
invention, there is provided an optical element including: a
first optical laver having a light emission surface; a
wavelength-selective reflective layer provided on the first
optical laver; and az second optical layer provided on the
wavelength-selective reflective laver and having a light
incidence surface., In this optical element, the wavelength-
selective reflective layver has a structure including at
least five lavers in which high refractive-index layers and
metal layers are alternately laminated to each other, when a
geometric film thickness L of the entire wavelength-

selective reflective laver 1s 160 nm, a ratio o cf an
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Fig. 6C is a schematic view showing one example of a wavelength-selective reflective layer in which a
third high refractive-index layer is separated into two layers and a fifth high refractive-index layer is
separated into three layers; Fig. 6D is a schematic view showing one example of a
wavelength-selective reflective layer in which a first, a third, and a fifth high refractive-index layer are
each separated into two layers; Fig. 6E is a schematic view showing one example of a
wavelength-selective reflective layer in which a first and a fifth high refractive-index layer are each
separated into two layers and a third high refractive-index layer is separated into three layers; Fig.
6F is a schematic view showing one example of a wavelength-selective reflective layer in which a first
high refractive-index layer is separated into two layers and a third and a fifth high refractive-index layer

are each separatedintoi threedayersess bigs: A and 78araaach a grassssectional vie illustrating
one example of the function of the optical film; Figs. 8A and 8B are each a cross-sectional view
illustrating oPietexcahple eftHe funETien of tie bpticanilate hRig. 9k s acrosssesticwal view
illustrating one examg!le}of the fémcngn of the optical film; Fig. 9B Is agolar(l)%/lew il ustr{gtlng one

example of aeyﬁj%%tionaofathgaopjtf%a fifr; Iélré. 58 %aéchfelrrllg&ic“\}}i]éc\kazslﬁovsving ofe Strittural

high refractive-index layer from one of a first optical
layer side and a second optical laver side to an optical
film thickness of a first high refractive-index layer
therefrom are included in a first region surrcunded by the
following formulas (37) to {41}, when the geometric f£illm
thickness L of the entire wavelength-selective reflective
layer is 180 nm, the ratic o and the ratioc B are included in
a second regilon surrounded by the folleowing formulas {4¢) to
(4%), and when the geometric film thickness L of the entire
wavelength-selective reflective layer 1s in a range of 160
to 18C nm, the ratio o and the ratic B are included in a
space enclosed by the first reglon, the second region, and

the following formulas (50) to (53).

o=-0.,005B8°+0.0273B-0.0145 ... (37)
o=0.0043p"~0.0332P+0.07 ... {(38)
B=2.875 ... (39)
a=-0.00013°+0.0025B+0.0062 ... (40}
0=0.005676 ... (41)
a=-0.0103B°+0.047B-0.0322 ... (48)
a=0.0093p%-0.0677p+0.1212 ... (47)
a=-0.0003B%+0.0036B+0.0046 ... (48)
o=0.00498 ... (49)



example of a manufacturing apparatus for manufacturing an optical film according to the first
embodiment of the present invention; Figs. 11A to 110 are cross-sectional views each illustrating
one example of a method for manufacturing an optical film according to the first embodiment of the
present invention; Figs. 12A to 120 are cross-sectional views each illustrating one example of the
method for manufacturing an optical film according to the first embodiment of the present invention;
Figs. 13A to 130 are cross-sectional views each illustrating one example of the method for
manufacturing an optical film according to the first embodiment of the present invention; Fig. 14 is
a cross-sectional view illustrating the film thickness of a reflective layer; Fig. 15 is a flowchart
showing one example of a process to determine film thicknesses which satisfy the conditions of
individual parametessy 0 . 1Gig{ 64\ iscar) A< comelatiop-diagram showing the distribution of a visible
light transmittance with respect to a ratio a and a ratio P; Fig. 16B is an a-P correlation diagram

showing the BistiBitior of asiieidint facléh-Witk Fégsct b E%ﬁe ¥atle & and thefatio P;  Fig. 160 is
an & COGIRLEN,JipgTam.sfipving s FISFER YR 8L 2LINGRgsY ey With respset to the ratio a and
’(1.2”5}/0,15m(a—0.00856)/0.00008471ﬁ(180—L)/20 .. (53
In all the optical elements according to the
embodiments of the present invention, since the film
thicknesses of the individual layers of the wavelength-
selective reflective layer are set so that the ratio o and
the ratio P are included in a predetermined region, the
change in cclor tone can be suppressed.
&As describe above, according to- the embodiments of the

present invention, the change in color tone caused by the

change in incident angle can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a cross-sectional view showing one
structural example of an optical film according to a first
embodiment of the present invention:

Fig. 1B is a cross-secticnal view showing one example
in which the optical film according to the first embodiment
of the present invention is adhered to an adherend;

Fig. 2 is a perspective view showing the relationship
between incident light incident on an optical film and
reflected light reflected by the optical £ilm;

Figs. 3A te 3C are each a perspective view showing one



Fig. 160 is an a-p correlation diagram showing the distribution of a redness index with respect to the
ratio a and the ratio P; Fig. 16E shows the state in which the a-P correlation diagrams shown in
Figs. 16A to 160 are overlapped with each other; Fig. 17 is an a-P correlation diagram in which the
visible light transmittance, the blueness index, and the redness index are each used as the parameter
when the total film thickness L is 80 nm; Fig. 18 is an a-P correlation diagram in which the visible
light transmittance, the blueness index, and the redness index are each used as the parameter when
the total film thickness L is 90 nm; Fig. 19 is an a-p correlation diagram in which the visible light
transmittance, the blueness index, and the redness index are each used as the parameter when the
total film thickness L is 100 nm; Fig. 20 is an a-P correlation diagram in which the visible light
transmittanee,:the bivengssinsex; apddhededness indexareieach gsed asdpeparameter when the
total film thickness L is 120 nm; Fig. 21 is an a-p correlation diagram in which the visible light
transmittané& A& blueness index, and the redness index are each used as the parameter when the
total film thickness, L is 140 nm; Fi(%. 22 is.an a-P correlation diagram in which the visible light

. 1g, 4 & cclive View SHOowin T x4
transmittance, the biteness Index, and the redness index are each used as the paran%)eter when the

total film thigknessL 4¢ 160MMe: £okige23iis atha-Preerelation diagrar ja which the visible light
transmittance, the blueness index, and the redness index are each used as the parameter when the
KHaIﬂHnthEknes§LQS1@@!%%;5 cross-sectional view showing one

structural example of an optical film including the first
cptical layer Iin which the structures shown in Filg. 4A are
formed;

Fig. 5 is a schematic view showing one example c¢f a
lamination structure of a wavelength-selective reflective
layer;

Fig. eA is a schematic view showing one example of a
wavelength-selective reflective layer in which a third and a
fifth high refractive-index laver are each separated into
two lavers;

Fig. 6B is a schematic view showing one example of a
wavelength~selective reflective laver in which a third high
refractive-index layer 1s separated intc three layers and a
fifth high refractive~index layer i1s separated intc two
lavyers;

Fig. &C 1s a schematic view showing one example of a
wavelength~gelective reflective layer in which a third high
refractive-index layer 1s separated into two lavers and a
fifth high refractive-index layer 1s separated into three

lavyers;
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Fig. 24 is an a-P correlation diagram in which the visible light transmittance, the blueness index, the
redness index, and the shielding factor are each used as the parameter when the total film thickness L
is 80 nm; Fig. 25 is an a-p correlation diagram in which the visible light transmittance, the blueness
index, the redness index, and the shielding factor are each used as the parameter when the total film
thickness L is 90 nm; Fig. 26 is an a-p correlation diagram in which the visible light transmittance,
the blueness index, the redness index, and the shielding factor are each used as the parameter when
the total film thickness L is 100 nm; Fig. 27 is an a-P correlation diagram in which the visible light
transmittance, the blueness index, the redness index, and the shielding factor are each used as the
parameter when the total film thickness L is 120 nm; Fig. 28 is an a-P correlation diagram in which
the visible light transmittance sthe klugagss index; the sednassindex, andripe shiglding factor are each
used as the parameter when the total film thickness L is 140 nm; Fig. 29 is an a-P correlation
diagram in WhichlithedigSibkelightttaitsrtiareet theeblleress indeX. ithe redhéss indek, and the
shielding factor are each used.as the parameter when the total film thickness L is 160 nm; Fig. 30
is an a-P co%r%lellgflidn %Fa%rgm%h%v%v éﬁ % \ﬁgiﬁfeaﬁé:hjﬁ?aﬁsnréﬁt}én%y ftie %ﬁjeen%&ég%ndex, the redness
index, and the shielding factor arg-each,used as the parameter when the total film thickness L is 180
nm; Fig. 31 is a schematic view obtained such that when the visible light transmittance, the
blueness index, aRddhe tEdiessintlexaretaéactased asanéparantetér ahe reégiohsawhich satisfy the

conditions of the jndividual g%rameters ar% ng%@ped ona three-din}lein%onalé)lang_; ig. 32Ais a

schematic VIW ObTRIRED SUch that When the Visible light'fransmittancé, the biuehessindéx, and the

redness indexarg eachused-as the parametsr, the, tegigns which satisfytheconditions of the
individual parameters
two layers and a third high refractive-index layer is

separated intc three layers;

Fig. €F is a schematic view showing one example of a
wavelength-selective reflective layer in which a first high
refractive-index layer is separated inte two layers and a
third and a fifth high refractive~index layer are each
separated into three layers;

Figs. 7A and 7B are sach a cross-secticnal view
illustrating one example of the function of the optical
£ilm;

Figs. 8A and 8B are each a cross-secticnal view
i1llustrating one example of the function of the optical
film;

Fig. 9A is a cross-sectional view illustrating one
example of the functicn of the optical film;

Fig. 9B is a plan view 1lllustrating one example of the
function of the optical film;

Fig. 10 is a schematic view showing one structural



are mapped on the same plane; Fig. 32B is a schematic view obtained such that when the visible
light transmittance, the blueness index, the redness index, and the shielding factor are each used as
the parameter, the regions which satisfy the conditions of the individual parameters are mapped on the
same plane; Fig. 33A is a cross-sectional view showing a first modification according to the first
embodiment of the present invention; Fig. 33B is a cross-sectional view showing a second
modification according to the first embodiment of the present invention; Fig. 34A is a perspective
view showing a first structural example of a first optical layer of an optical film according to a second
embodiment of the present invention; Fig. 34B is a perspective view showing a second structural
example of the first optical layer of the optical film according to the second embodiment of the present
Invention; ex#&igl34Cis a perspéetivervieny; showmngea tisird structuralfexamplenof the first optical layer
of the optical film according to the second embodiment of the present invention; Fig. 35A is a plan view

showing théTHird"étrudtutdl BRERTE B tHE fifdt DptitaPilay 8T of the Gptica filimSccording to the second

embodimenEgg élg%preﬁqygr{@\i%@ﬂon; Fig. 358 is a cross-sectional view of the first optical layer
taken along the line XXXVB-XXXVB shown in Fig. 35A,;

Figs. 11A to 11C are cross-sectional views each
illustrating one example ¢f a method for manufacturing an
optical film according to the first embodiment of the
present invention;

Figs. 122 to 12C are cross-secticonal views each
illustrating one example of the method for manufacturing an
optical £ilm according to the first embodiment of the
present invention;

Figs. 13A to 13C are cross-sectional views each
illustrating one example of the method for manufacturing an
optical film according to the first embodiment of the
present invention;

Fig. 14 is a cross-secticnal view illustrating the film
thickness of a reflective layer;

Fig. 15 is a flowchart showing cone example of a process
to determine film thicknesses which satisfy the conditions
of individual parameters;

Fig. 16A is an a-P correlation diagram showing the
distribution of a visible light transmittance with respect
to a ratio o and a ratio B;

Fig. 16B is an o-p correlation diagram showing the

distribution of a shielding factor with respect to the ratio



Fig. 350 is a cross-sectional view of the first optical layer taken along the line XXXVC-XXXVC shown
in Fig. 35A,; Fig. 36A is a plan view showing a fourth structural example of the first optical layer of
the optical film according to the second embodiment of the present invention; Fig. 368 is a
cross-sectional view of the first optical layer taken along the line XXXVIB-XXXVIB shown in Fig. 36A;
Fig. 360 is a cross-sectional view of the first optical layer taken along the line XXXVIC-XXXVIC shown
in Fig. 36A,; Fig. 37A is a plan view showing a fifth structural example of the first optical layer of the
optical film according to the second embodiment of the present invention; Fig. 378 is a
cross-sectional view of the first optical layer taken along the line XXXVIIB-XXXVIIB shown in Fig. 37A;
Fig. 38A is a cross-sectional view showing one structural example of an optical film according to a third
embodiment of thie presenttinveftion; Fig. 383 is a perspective view showing one structural
example of a first optical layer of the optical film according to the third embodiment of the present

invention;  FigF3gA id & crogs&edtioRariehraRiowity & fifd Stuctirar éR4mphé of an optical film
according tg a fourth embodiment gf the present, inventiop;, . Eig. 398,15 3 grosszsectioal view
showing a second structural example of the optical film according to the fourth embodiment of the
present invertionhe ratio B;
Fig. 16D is an a-f correlation diagram showing the
distribution of a redness index with respect to the ratio «
and the ratio B;
Fig. 16E shows the state in which the a-p correlation
diagrams shown in Figs. 16A to 16D are overlapped with each
other;
Fig. 17 is an o-f correlation diagram in which the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total
film thickness L is 80 nm;
Fig. 18 is an o-f correlation diagram in which the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total
film thickness L is 20 nm;
Fig. 19 is an o-P correlation diagram in which the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total
£ilm thickness ILois 100 nm;
Fig. 20 1s an o-f correlation diagram in which the
visible light transmittance, the blueness index, and the

redness index are each used as the parameter when the Lotal



Fig. 39C is a cross-sectional view showing a third structural example of the optical film according to
the fourth embodiment of the present invention; Fig. 40A is a cross-sectional view showing one
structural example of an optical film according to a fifth embodiment of the present invention; Fig.
408 is a cross-sectional view showing one structural example in which the optical film according to the
fifth embodiment of the present invention is adhered to an adherend; Fig. 41 is a cross-sectional
view showing one structural example of an optical film according to a sixth embodiment of the present
invention; Fig. 42 is a perspective view showing one structural example of a blind device according
to a seventh embodiment; Fig. 43A is a cross-sectional view showing a first structural example of a
slat; Fig. 438 is a cross-sectional view showing a second structural example of the slat; Fig.
44A is a perspegtive.view- shawing;ane strugtural example of a rolling screen device according to an
eighth embodiment; Fig. 44E is a cross-sectional view showing one structural example of a screen
302; Fig. 45A i8-apekspective view Showing baeistrucliral examiple of acghdjidapanese paper
shielding dooQ according to a ninth embodiment; and .
visible 1ight transmittance, the blueness index, and the
redness index are each used as the parameter when the total
film thickness L 1s 140 nm;
Fig. 22 is an o-P correlation diagram in which the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total
film thickness L is 160 nm;
Fig. 23 is an o-P correlation diagram in which the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter when the total
film thickness L is 180 nm;
Fig. 24 is an o-3 correlation diagram in which the
visible light transmittance, the blueness index, the redness
index, and the shielding factor are each used as the
parameter when the total film thickness L is 80 nm;
Fig. 25 1s an o-PB correlation diagram in which the
visible light transmittance, the blueness index, the redness
index, and the shielding factor are each used as the
parameter when the total film thickness L is 90 nm;
Fig. 26 1s an o-P correlation diagram in which the
visible light transmittance, the blueness index, the rednsss

index, and the shielding factor are each used as the

parameter when the total film thickness L is 100 nm;



Fig. 45B is a cross-sectional view showing one structural example of the shoji. DESCRIPTION OF
THE PREFERRED EMBODIMENTS Embodiments of the present invention will be described in the
following order with reference to the drawings. 1. First Embodiment (Example in which structures are
one-dimensionally arranged.) 2. Second Embodiment (Example in which structures are
two-dimensionally arranged.) 3. Third Embodiment (Example of a louver type reflective layer is
provided.) 4. Fourth Embodiment (Example in which an optical film containing a light scattering
material is provided.) 5. Fifth Embodiment (Example in which a reflective layer is exposed.) 6. Sixth
Embodiment (Example in which a self-cleaning effect layer is provided.)

Fig. 27 is an o-f correlation diagram in which the
visible light transmittance, the blueness index, the redness
index, and the shielding factor are each used as the
parameter when the total film thickness 1L is 120 nm;

Fig. 28 is an o~B correlation diagram in which the
visible light transmittance, the blueness index, the redness
index, and the shielding factor are each used as the
parameter when the total film thickness L is 140 nm;

Fig. 29 is an o~ correlation diagram in which the
visible light transmittance, the blueness index, the redness
index, and the shielding factor are each used as the
parameter when the total film thickness L is 160 nm;

Fig. 20 is an o-f correlation diagram in which the
visible light transmittance, the blueness index, the redness
index, and the shielding factor are each used as the
parameter when the total film thickness T, is 180 nm;

Fig. 31 is a schematlic view cbtained such that when the
visible light transmittance, the blueness index, and the
redness index are each used as the parameter, the reglons
which satisfy the conditicons of the individual parameters
are mapped on a three-dimensiocnal plane;

Fig. 32A is a schematic view obtained such that when
the vigible light transmittance, the blueness index, and the
redness index are each used as the parameter, the regions

which satisfy the conditicns of the individual parameters



7. Seventh Embodiment (Example in which an optical film is applied to a blind device.) 8. Eighth
Embodiment (Example in which an optical film is applied to a rolling screen device.) 9. Ninth
Embodiment (Example in which an optical film is applied to a fitting.) <1. First embodiment> [Structure
of Optical Film] Fig. IA is a cross-sectional view showing one structural example of an optical film
according to a first embodiment of the present invention. Fig. 1B is a cross- sectional view showing
one example in which the optical film according to the first embodiment of the present invention is
adhered to an adherend. An optical film 1 functioning as an optical element is an optical film having
so-called directional reflection properties. As shown in Fig. 1A, this optical film 1 includes an optical
layer 2 having a concavo-convex interface therein and a reflective layer 3 provided along the interface
of this opticaldayer@pEhe apticaklayen? includes a first optical layer 4 having a concavo-convex
shaped first surface and a second optical layer 5 having a concavo-convex shaped second surface.
The interface inside-the épficaliayerZiciotmed ffofrthe firdt Baface and‘thelsetdmd surface, each

having & copgava;; convex shape. disposed o3¢ Lo fage.eadh,alher, In padipulay, he optical fim 1
includes the first optical layer z aving a concavo-convex surface, the reflective layer 3 formed on the
concavo-copvex suiface @f the first apticaklayer 4; and thesecond-opticeh layes b tormeg-on the
reflective layer 3 so as to fill the concavo-convex surface on which the reflective layer 3 is formed. The
optical film P#ag'# feideéntSuFREESSE orifvitiieh Sunlight of e e isliherieht @hdtaF emission
surface 52 fromiwhiggégf the IigﬂhtéggiQen%gn tQis ingident égéfaggm%, qugtnvghich transmits the optical
film 1 is emit e%. The op ical fifm 115 pre?erabﬁl/ gﬁ)ﬁlledpfb an inner wafl member, an outer wall

member, a window sgatesial, a wall matgfiglsectional view showing a first
modification according to the first embediment of the
present invention;

Fig. 33B is a cross-sectional view showing a second
modification according to the first embodiment of the
present invention;

Fig. 34A is a perspective view showing a first
structural example ¢f a first optical layer of an optical
film according to a second embodiment of the present
invention;

Fig. 34B is a perspective view showing a second
structural example cof the first optical layer of the cptical
film according to the second embodiment of the present
invention;

Fig. 34C is a perspective view showing a third
structural example of the first optical layer of the optical
film according to the second embodiment of the present
invention;

Fig. 35A is a plan view showling the third structural
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and the like. In addition, the optical film 1 may also be preferably used as a slat (Insolation shielding
member) of a blind device and a screen (insolation shielding member) of a rolling screen device.
Furthermore, the optical film 1 may also be preferably used as an optical element provided at a lighting
portion of a fitting (interior member and/or exterior member), such as a shoji (Japanese paper
shielding door). If necessary, the optical film | may further includes a first base member 4a on the
emission surface 52 of the optical layer 2. In addition, if necessary, the optical film 1 may further
includes a second base member 5a on the incident surface S1 of the optical layer 2. When the first
base member 4a and/or the second base member 5a is included in the optical film 1 as described
above, in the state in which the first base member 4a and/or the second base member 5a is formed as
a part of thezpptigdldilmzl tthe followingpptical properies; Suchasdpansparecyand a transmission
color, are preferably satisfied. If necessary, the optical film 1 may further include a bonding layer

6. This bon@ngAa§ers isformed 8R SHE of tHePmeiient stfabeSPanathé emmis&ivh'Sirface S2 of the
opical fim 1 whichjs to be-adhered 10, window raterial 10, The apticakfim. 1 is,aghered to the

window material 10, which is an adherend, at an indoor or an outdoor side with this bonding layer 6
interposed theyehetwaem As thesbahdingilayer@ xfop-example sthere may béqisetl>an adhesion layer
(such as a UV curable resin or a two-component liquid resin) containing an adhesive as a primary
component or a tacky-layer-(stithfas afresshre-dénsitive adhesive PEA tontdiRing % tacky agent as

a primary component..When-t in er.f,is a t: y eeling.layer 7.is preferably further
provided ongt%éggor? |r}%8 a}%rggﬁ?l%d%egé% fo%ﬁgsmdgy %ﬁg%gﬁugﬁjr%%"de%c%ibed above, when
the peeling layer #isysinyuly peeled oifathe; opticaliitmih ¢an be-easily adheredio-an adherend, such
as the window material 10, with the bonding layer 6 interposed therebetween. The optical film 1
may furtherdriéiidés pimertayerifot SAbiF) betwEen thé seednébaseirhefmbet 5a and the bonding

layer 6 and/or t%%ggconq op{g gl Iglé/gég ne%r,dg&tomlrplgrogg Q%%dln properties betsé/egrrlm,the second

ic
base member 5a and the onlalng Iayeré andlor the second optlcgl%ayer . Inngcfd}tlén, in order to

improve the bonding properties:atithe-same-portion as describegrabove, & eammest physical
pretreatment is preferably performed with or without using the primer layer described above. As the
common physicar prétigatnierit foriéamples aplasma-tféatméntdroaeorfgha tr€atniérit'may be

mentioned. Fig. 36C 1s a cross-sectional view of the first optical

layer taken along the line XMXVIC-¥XXVIC shown in Fig. 36A;

Fig. 37A is a plan view showing a fifth structural
example cof the first optical layer cof the optical film
according to the second embodiment of the present invention;

Fig. 27B is a cross-gsectional view 2f the first optical
layer taken along the line XXXVIIB-XXXVIIB shown in Fig.
37R;

FF'ig. 38A is a crogs-sectional view showing one
structural example of an optical film according to a third
aembodiment of the present invention;

Fig. 38B is a perspective view showing one structural
example of a first optical laver of the cptical film

according to the third embodiment of the present invention;
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The optical film 1 may further include a barrier layer (not shown) on the incident surface S1 or the
emission surface 52 to be adhered to an adherend, such as the window material 10, or between the
above surface and the reflective layer 3. When the barrier layer is provided as described above,
diffusion of moisture from the incident surface 51 or the emission surface 52 to the reflective layer 3
can be suppressed, and degradation of a metal and the like contained in the reflective layer 3 can be
suppressed. As a result, the durability of the optical film 1 can be improved. The optical film 1 may
further include a hard coat layer 8 in order to impart scratch resistance and the like to the surface of
the optical film 1. This hard coat layer 8 is preferably formed on one of the incident surface S1 and the
emission surface 52 of the optical film 1 opposite to that adhered to an adherend, such as the window
material 10. In order 4o impartian antifaidingprepesyaind-thediketo.thegngident surface Si of the
optical film 1, a layer having water-repellent or hydrophilic properties may be further provided. A layer
having the fEiREtGH asadestrived dbove fiaytse, for example, Jsrevidet diréctlytorf thie bptical layer 2 or
provided one\{ﬁgio&fguggtigl% I%)Aers ggg@gg tjr]e‘pé;}{gfog; layer 8. The optical film 1 preferably has
flexibility since it ¢an be easily aghé)red to an aaheren(f Such as the window material 10. In this case,
a sheet is included iy thescategory, of the film - Thatisz an-optigal:sheatipay alse-bgdncluded in the
optical film 1. The optical film 1 has transparency. The transparency preferably satisfies the range
of transmissiér wnageclakyawkith wifl b deseribethlatér Theadiffershicwintrefriative index between
the first optical layer 4 and the second optical layer 5 is preferably 0.010 or less, more preferably 0.008
or less, and%e%%%gr}ﬁoﬁ?gg?)?gfle?g t3*’/(5). Oggoer I@éfse%%%n ‘efeqri)ﬁé“r%}éh’be in refractive index is more than
0.010, the transmissipn igeage tends-tohlir MWhenthe differsnceiprefractive index is in a range of
more than 0.008 to 0.010, although depending on the outside brightness, no problems may occur in
daily life. Whénthé differenserip refradtivé: indextisda & rahge cfanoreithia;n 0905He 0.008, although a
diffraction pattern of a very bright object, such as a light source, is disturbing, an outdoor scene can be

clearly seen” WRER tREARFEranLs if TefraGive Tifdis 01065 bt tas, the diffraction pattern is hardly

disturbing. Of the first optigal layex, 4.and;the secand, opticaldayer.a.theoptical layer to be adhered to
the window material 10 or the like may contain a tacky agent as a primary component. By the structure

as described ahovey the opticaldilm  Canbendhered toithe windowimaterial 20 61 thenhlike by one of
the first optical layer 4 and the second optical layer 5, which contains a tacky agent as a primary

component SRSHTER whén tHE striciiietas 888 bet above is formed, the difference in refractive
index of the tacky%_nt is,preferaply, in the. g@r&g@iggggrib,qde@,bgyl%wmgﬂg)%grst optical layer 4

preferably has the same optical properties, such as the refractive index, as those of the second optical
layer 5. In morewparticular stherfirst opticallayer 4 andatbeisecondidpticat tayet Suarecpreferably formed
of the same material, such as the same resin material, which has transp‘areng)éin the visible region.

When the fifst pticarayeiashd e sédond' 8pticatayér tnvention is adhered to

an adherend;

Fig. 41 is a cross-sectional view showing one
structural example of an optical film according to a sixth
embodiment of the present invention;

Fig. 42 is a perspective view showing one structural
example of a blind device according to a seventh embodiment;
Fig. 43R is a cross-sectional view showing a first

structural example of a slat;

Fig. 43B is a cross-sectional view showing a second

structural example of the slat;
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5 are formed of the same material, the refractive indexes thereof are equal to each other, and hence,
the transparency of visible light can be improved. However, even if the same material is used as a
starting raw material, the refractive indexes of the layers finally obtained may be different from each
other due to curing conditions and the like in a film forming process, and hence, a careful attention is
necessary. On the other hand, when the first optical layer 4 and the second optical layer 5 are formed
from different materials, since the refractive indexes thereof are different from each other, light is
refracted at the reflective layer 3 functioning as the border, and a transmission image tends to blur. In
particular, when an object similar to a point light source, such as a distant electrical lamp, is observed,
a diffraction pattern is liable to be clearly observed. In addition, in order to adjust the refractive index
value, an additivermay beradded to the-fiest optical layer; 4ansionthessecond-opticat dayer 5. The
first optical layer 4 and the second optical layer 5 both preferably have transparency in the visible
region. Incideraiy cthiefe aré dwo tges 6f definitdrs &f the andpafericy, #iatdsIbié definition means
no light absor t(i%”l and the other definition means no light scattering. In general, the transparency

indicates oneiy he %(I)nrerﬁetr’; however, the optical film 1 according to the first embodiment preferably has

the above two optigal preperties. Singe,a£usentlyused retrareflector aims that reflected light
reflected at a display, such as a road sign or closing of a night-time worker, can be easily viewed, even

if having scatterng propericsiwhentheaetoreffiectéf®/in close contact with an underlayer reflector,

the reflected IightFrgerctggl therebgl can be vi%wed. This is the same grinci le as that iT which, for
example, in order t("'ﬁr'nparfj‘ aﬁtisglaréo Srro:’p%erﬁe%,veeve‘ﬁll Anah 'i"rgjrgr% t 8§tmé“nrﬁ%i/"ilﬁ§ Scattering

properties i performed-on afront:surfage-of-an image display apparatys .an image. ke viewed.
However, the optical film 1 according to the first embodiment has a feature of transmitting light other
than light having a:$pecifiemavelergth; wisich is to be directionally reflected, and is adhered to a
transmission object which primarily transmits light having this transmission wavelength, and the

A

transmitted light i€ 0Bservad; hente e Sptical Tt F prefefibly RAE HElightscattering properties.

However, inaccordance vgiyg;l%rg@pgl@agp@, ihe s¢attering properties may be intentionally imparted to
the second optical layer 5. he optical film 1 is preferably used by adhesion thereof to a rigid body,

such as the window material 10, having transmission properties primarily to transmitted light having a
wavelength other than the specific wavelength with a ta%?/%%l ent interposed therebetween. As the

th
window ma@%’f%@??&@@&%p@% @Lﬁﬁﬁ@%\ﬁﬁdg\%?ﬂg a high-rise building or a housing or a

andOMInmuenmfg&godimeﬂts of the present invention will be described
in the following order with reference to the drawings.
1. First Embodiment (Example in which structures are one-
dimensionally arranged.)
2. Second Embodiment (Example in which structures are two-
dimensicnally arranged.)
3. Third Embodiment (Example of a louver type reflective
layer is provided.)
4. Fourth Embodiment (Example in which an coptical film
containing & light scattering material is provided.)
5, Fifth Embodiment (Example in which a reflective laver is
exposed. )

©. Zixth Embodiment (Example in which a self-cleaning effect
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vehicle may be mentioned. When being applied to a building window material, the optical film 1 is
particularly preferably applied to the window material 10 arranged to face any direction between the
east to the west through the south (such as in any direction between the southeast to the southwest).
The reason for this is that when the window material 10 is arranged at the position as described
above, heat rays can be more effectively reflected. The optical film 1 can be used not only for a single
layer window glass but also for a special glass, such as a multilayer glass. In addition, the window
material 10 is not limited to a material formed of glass, and a polymer material having transparency
may also be used. The optical layer 2 preferably has transparency in the visible region. The reason for
this is that since the optical layer 2 has transparency as described above, when the optical film 1 is
adhered to theyaindaewmatetiakd0, such as a window glass, visible light can be transmitted, and
lighting by sunlight can be ensured. In addition, as the surface to be adhered, besides an inside
surface of the gi&s&dnobteifs stitace tHeteBPafaylalstibectised oPihGridition;thé dptical film | may
be used togaetheltri\évgh aonoath%rlg%%t r%gvsihi%ldgng film, and for example, an optical absorption coating
film may also be proviaed at the interface between air and the optical film 1 (that is, on the outermost
surface of the optigakfilned)Jnaddition, the-gptical filmylimay alse pe used togetherswith a hard coat
layer, an ultraviolet protection layer, a surface antireflective layer, and the like. When being used
together withPihe Gistica? fiflm 19 tAése fuirictional ’yétsare preferably provided at the interface between
the optical fim 1 and air. However, si an ultraviolet protection layer is.necessarily arranged closer
to a sun sid%“thi'jl“ﬁrﬁ%e1 (l)’&ﬁ%%\{yﬁfrrﬁ%f ir?pgﬁf% ar, Wrﬁe"ﬁk{t)h%%opatl%a?ﬁ%rﬁ i u%‘e%noﬁ %1/ window glass
surface at anindoes side, the pitraviglet protection layer is preferably provided between this window
glass surface and the optical film 1. In this case, an ultraviolet absorber may also be kneaded in a
bonding layét prévidet betwedhanas window glass surface and the optical film 1. In addition, in
accordance vsygh th% a%)lic%ti%n of the o%tj(ial film 1, the optical film 1 may be colored in order to impart
design charéac eristics thereto. Whlecnatjhe c‘]’egffén characteristics are imparted as described above, at
least one of the fist the optical layer-4 and.the-second optical layer:5is preferably formed to primarily
absorb light in a specific wavelength band in the visible region without degrading the transparency.
Fig. 2 is a perspedtiveavienrshowingtheaelativhshiptbétivee reincident tight incideritort:the optical film
1 and reflected light reflected by the optical film 1. The optical film 1 has an incident surface Si on

which light ET8 HEIGERT 1658 préferBBietRaf of theightCinciderit on'the ifciient Stifface Si at an
incident an_gsl@c(giQ)yaﬂﬂe&@i,@agﬁmiﬁsl%ﬁgewﬁgﬂ@nﬂ{y&%ﬂ%@{s@ﬂgt in: 2 speeific,yvavelength
band in a direction other than a specular reflection direction (-0, 0+180) while transmitting light L2
other than thatimcthiengpecific wavélength drainod imeardditidn, tthe gptieabfilm dntvas:transparency to the

light other than that in the specific wavelength band. As the transparency, the transmission image
clarity is preférdbly i te Fé}ngfé)\/\f?%}?%ﬂpge deSeribed tatel Iﬁltﬁf% émgléﬂﬁﬁéﬁf}bv’iﬁd?c%tes an angle

formed bet\ggeg&qgﬂalelile}&% incident g,,blgggg lSiﬂrhqntQ@aiggg&ngggggkp&;he reflected light L1.

In addition,indicates an
directional reflection properties. As shown in Fig. 1A,

this optical film 1 includes an optical layer 2 having a
concavo-convex interface therein and a reflective lavyer 3
provided along the interface of this optical layer 2. The
optical layer 2 includes a first optical layer 4 having a
concavo—convex shaped first surface and a second optical
layer 5 having a concavo-convex shaped second surface. The
interface inside the optical layer 2 is formed from the

first surface and the second surface, =ach having a concavo-
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angle formed between a specific straight line 12 within the incident surface Si and a component of the
incident light L or the reflected light LI projected on the incident surface Sl. In addition, the specific
straight line 12 within the incident surface is an axis at which the reflection intensity in adirection is
maximized when the incident angle (0, 0) is fixed, and the optical film 1 is rotated around the normal
11 to the incident surface Si thereof (see Figs. 3A to 4B). However, when there are at least two axes
(directions) at which the reflection intensity is maximized, one of them is selected as the straight line
12. In addition, an angle O rotated clockwise around the normal 11 is represented by "TO", and an
angle 0 rotated anticlockwise is represented by "-0." An anglerotated clockwise around the straight line
12 is represented by "HA)", and an angle 4) rotated anticlockwise is represented by "-0". The light
in the speciticwayvelengthdand which:s selectively direetionallyreflested and the specific light to be
transmitted are changed depending on the application of the optical film 1. For example, when the
optical film Pis applied: o tHe wirtiovi fadteAal 10 thenlightds thé BpeéititsaraléAgth-band which is
selectively qmensi%ngﬂ%/ reflected_is refeorgg!j}/ near-infraﬁgd Iigh%haend th&sé% cific wavelength to be

transmitted |sa5F3e3?er‘a ‘\;}llsrfgleﬁig(ﬁ?. %aﬁfarticu%\f,eﬁ%esl}lg% iy tHe speciﬁ% wave éﬁﬁth band which is

selectively dimpnsionatlyreflectad isrpreferabhvnearsinfaced light having a pimaryvavelength band
of 780 to 2,100 nm. By reflecting near-infrared light, when an optical element is adhered to a window

material, suehasca glassywindbw, carfincreéase retempertaturelinla baildihgicanise suppressed. Hence,
air-conditionipt% cooyrﬂ% load caF be reduced, and ene %lsavj g can Ct:)ex})erformed. In this
€

. r ctlye AVEer .3 ,80,as . . the cor —CONVEN
embodlmenE e'difectional reflettion indicatés retff)ec ion’in a specific iraéction' btiier than the specular

reflection, apd,the iatensityof the directiqralreflegtion Jssufficiently-highes tharthe intensity of the
diffuse reflection which has no directivity. In this embodiment, the reflection indicates that the
reflectance @rra spetificiwavélength band pfor @xamplerifethe rigarcinfrared negion L isopreferably 30%
or more, more preferably 50% or more, and even more_preferably 80% or more. The transmission

indicates thafthe fransmitarice M a SHECIfiE Wavdleigth Band region 2oF examipigtin the visible region,

is preferably,30%, or pyore, more preferably 50X or,more .and, even morg preferably 70% or more.
In the optical film 1, a directional reflection direction Qo is preferably in a range of -90 to 90. The

reason for thisas thatwhentheropticakfilnhé isadhesed fa ihe windowmatesial 10Toklight coming from
the sky, light in a specific wavelength band can be returned in a skyward direction. When there are no

high-rise buflimgsn the Vitinity: The oplisarfiny 1 TR His Fan§€ i€ Biectie. 1 abibitiBiehe directional
reflection dirgctign,is preferably.inthe vicinity 0f(Q, Q) Ihe yicinity indicatgs preferably within 5 from

(0, -0), more preferably within 3, and even more preferably within 2. The reason for this is that when
the range okthe directioned refettiondirection is setasescabed above, and theaptical film 1 is
adhered to the window material 10, of light coming from the skg over buildings having approximately
eqmvmentpreferably used as a slat {insclation shielding member) of a

blind device and a screen (insolaticn shielding member) of a

relling screen device. Furthermore, the optical film 1 may

also be preferably used as an optical element provided at a

lighting portion of a fitting (interior member and/or

exterior member), such asgs a shoji {Japanese paper shielding

door) .

If necessary, the coptical f£ilm 1 may further includes a
first base member 4a on the emission surface 52 of the

optical layer 2. In addition, 1f necessary, the optical

film 1 may further includes a second base member 5a on the
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heights, light in a specific wavelength band can be efficiently returned skyward over the other
buildings. In order to realize the directional reflection as described above, a three-dimensional
structure, such as a part of a sphere, a part of a hyperbola, a triangular pyramid, a quadrangular
pyramid, or a cone, Is preferably used. Light incident in a (0, 0) direction (-900<4<900) can be
reflected in accordance with the shape in a (0o, 00) direction (0<00<90, -90<0(i<90). Alternatively, a
columnar body extended in one direction is preferable. Light incident in a (0, 0) direction (-90<0<90)
can be reflected in accordance with the inclined angle of the columnar shape in a (0o, -0) direction
(00<00<900). In the optical film 1, the directional reflection of light in a specific wavelength band is
preferably in the vicinity of retroreflection, that is, the reflection direction of light in a specific
wavelength banthwith respectde the light incident-on:the incidentsurface-8i atan naident angle (0, 0)
is preferably in the vicinity of (0, 0). The reason for this is that when the optical film 1 is adhered to the
window matetiat 10e8PRght‘coritly frsmithe 85 TG it SpBeiticaiavélength-band¢an be returned
skyward. In this_ embodiment, t icinity is preferably within 5, more preferably .within 3, and even
more preferé%lyt%vﬁh%pf.LFﬁg r%g'syénn r?’oratl?\isal%gstﬁgtl \f'\}//%\%nat %V?éflelc%oﬁ%cﬁrgc%i%%sJV\I/}ithin the range
described apgyenand the ppticalfilpe lrisadbered tothe window mnateriali10zeklighi-eaming from the
sky, light in a specific wavelength band can be efficiently returned skyward. In addition, when an
infrared radfatiohsportishicthd 4 ligghe fedeiving Pottion areakjdcent 16 edehtother, 'stith &s an infrared
sensor or an irlfrarefl imacgén% é:levice, the regorejlegggn dri%er%ionaii geace}gz%%rilg ngs'usai 5% the incident
direction; hGWever, when eenS|ﬁasié nsojflﬁecegsafrﬁy pe?fiormedyin a Specific direction as in the case of
the present iaviention, the rettoteflection directiendnay not be strictly made equal to the incident
direction. In the optical film 1, the value of the transmission image clarity measured using an
optical comb with aiwidtirof 825 mmtha wavélkeabtd bandlhaving franshigsion preperties is preferably

50 or more, more, preferably 60 or more, %nd gtven more preéerﬁably 75 orE{no[le. Whenghe value of the
transmissioﬁ?%%b%gcléﬁﬁf/@lg I€ss thah" 50, fhé trasmission |mé§e %éjﬁépée o Bfur WWhen the value is in a

range of 50t Jess.than.60, although.depending.on.the gutside boghtness, Be preblems may occur in
daily life. When the value is in a range of 60 to less than 75, although a diffraction pattern of a very
bright objectrsuchads alight souldesiis disturbibg, avbeatdobristene-sarribe cledrirseen. When the
value is 75 or more, the diffraction pattern is hardly disturbing. Furthermore, the total value of the

transmission (?magghﬁarﬂ%}trﬁggéu u'Using Bh GStieaT SomwitR % Width Of 07625 M 0.5 tm, 1.0
mm, and 2.Q.mmyjs preferably 230,95 more, more pieferably 270 ormore,-and eyepsmore preferably
350 or more. When the total value of the transmission image clarity is less than 230, the transmission
image tends to bluscWhientheatotal Value s inca sange lnf 230covess thark270&lthough depending on
the outside brightness, no problems may occur in daily life. When the total value is in a range of 270 to

less than 3§ﬁ%ﬂﬁﬁ‘ﬁlgﬁaé’ﬂﬁfrgcti(§r? hafteATor & very BrghTakjeet, SiHad] IR SdUFE, is disturbing,
an outdoor seene.can beclearly segn.When the tatalvalye Is 330-0rghprs, dhe diffigetion patter is
hardly disturbing. In this embodiment, the value of the transmission image clarity is measured in
accordancexwith dIS K71 05biusing IEM-Adtmahutaciured by SugeyTestipstrements Co., Ltd. However,
when a wavelength to be desirably transmitted is different from a 065 light-source wavelength,

measuremert i preférstily perfornTed ftetcorrectionizperforife A O8RT & filtdF i the wavelength to
be desirablycggggr{]'t%%d% 4 40 yp& ogéigﬁltfilgg 1aaﬂ%ﬁai9f W@r}{ﬁb‘?{@itﬂ bang having tfransmission
y 6% e

properties is prefera or less, more preferably 4% or less, and even more preferably 2% or less.
The reasondemntnisits thaywhen the haze iskqnore vthan 6%, ransmitted light s sScattered and blurred.

In this embodiment, the haze is measured in accordance with a measuring method specified by JIS
K7136 using FM SIS0 mantifactired BY MarRHAnTiTC 5iof REseaten LabsfatoRr Cot1%d. However, when

a wavelengih to e, desirably fransmited s difetent from e, 065 ight source wavelenglh.
measurement is preferably performed after correction is performed using a filter for the wavelength to
be desirablyttansmifteGecling layer 7 is simply peeled off, the optical

film 1 can be esasily adhered to an adherend, such as the

window material 10, with the bonding layer 6 interposed
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The incident surface Si of the optical film 1 has a smoothness so as not to degrade the transmission
image clarity, and preferably, the incident surface Si and the emission surface 52 both have the
smoothness as described above. In particular, an arithmetic average roughness Ra of each of the
incident surface 51 and the emission surface S2 is preferably 0.08 pm or less, more preferably 0.06
pm or less, and even more preferably 0.04 pm or less. In addition, the arithmetic average roughness
Ra described above is calculated as a roughness parameter by measuring the surface roughness of
the incident surface and obtaining a roughness curve from a two-dimensional profile curve. In addition,
the measurement conditions are set in accordance with JIS 80601: 2001. A measurement apparatus
and measurement conditions are shown below. Measurement apparatus: full automatic
microprofilenreastismg-asirument Surfcorder ET4000A (manufactured by Kosaka Laboratory Ltd.)

In addition, kc is set to 0.8 mm; an evaluation length is set to 4 min; a cutoff is set to 5 times; and a
data sampling intéval RSetdd0.55kaM. 1 Mrheltrandifissidir coior of the bpficalitiifls preferably as

neutral as ppggiﬁbleS ﬁg‘g s )ev%n Q&Q&@gt%ogogeedd the transmission e@lgraprgglgirapllyehas a light colo.r tone
that appears cool, such as Fue, ue-green, or green. In order to obtain the color tone as described
above, the chremalicity-ceardinaias x-and yof the tramsapitied dight. ingidertt amtherineident surface S,

passing through the optical layer 2 and the reflective layer 3, and radiating from the emission surface
82, and the ‘chréfiatieity coprdihates ¥ BREf dPthe HEREEY gt praféraBlyPsatisiofBrekample,
0.20<x<0.35 and 0,20<y<0.40, mare. preferably 0.25<x<0,32 and 0.25<y<0.37,a n.more
preferably ogéo?‘)?éjo.gﬁ and 8%151%5%)&@? in t eaélé%;eogf ioﬂr%ir%éetlgoonﬂéft ; 5§§ |gr%%s$§§rcg
Furthermoreinerder net jo make-thercaler tone-loek reddishyxxrQ;03-4s peeferably satisfied, and y>x
is more preferably satisfied. In addition, if the reflection color tone varies with the incident angle, for
example, when tEemptieaFfilavt is applied t6tebuitdiag windof itis hobpreféfable since the color

tone looks dlffe[CentIg/thrﬂ%m?place t% g%ae%eagq_ appear tgm%f&ar%gégta}ghen view g Lg,_unngiwalklng. In order

to suppresspfﬁe Eﬁange“ﬁn” coloritone as described éjbove, t soluté vallie of the difference in the

chromaticity- georginate x otlght insident vatherncident surface S3eithe emissionssurface 52 at an
incident angle B in a range of 50 to 600 and specularly reflected by the optical film 1 and the absolute
value of therdifférerceriarthe dhronfativity coordinate §of the Hightardeach preferalily 0.05 or less,
more prefera?%/ﬁ0.0B or less, %nd even more preferably 0.01 or less at each primary surface of the

optical film T *FR&&BoveHim =

FcARIMitalions of the chromaticity coordinates x and y of the reflected

light are preferablysatisfied far bethithesingident suface Skand fhe emissionsurface-s2.
Hereinafter, the first optical layer 4, the second optical layer 5, and the reflective layer 3, which form
the optical filmet, witlbensequentiallyidedctibed. surface 51 or the emission

surface 82 to be adhered to an adherend, such as the window

material 10, or between the above surface and the reflective

layer 3. When the barrier layer is provided as described

above, diffusion of moisture from the incident surface S1 or

the emission surface S2 to the reflective layer 3 can be

suppressed, and degradation of a metal and the like

contained in the reflective layer 3 can be suppressed. As a

result, the durability of the coptical film 1 can be improved.
The optical film 1 may further include a hard coat

layer 8 in order to impart scratch resistance and the like

to the surface of the optical film 1. This hard coat layer
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(First Optical Layer, Second Optical Layer) The first optical layer 4 is a layer, for example, to
support and protect the reflective layer 3. Since imparting flexibility to the optical film 1, the first optical
layer 4 is formed of, for example, a layer containing a resin as a primary component. For example, one
of the two primary surfaces of the first optical layer 4 is a smooth surface, and the other surface is a
concavo-convex surface (a first surface). The reflective layer 3 is formed on this concavoconvex
surface. The second optical layer 5 is a layer to protect the reflective layer 3 by embedding the first
surface (concavoconvex surface) of the first optical layer 4 on which the reflective layer 3 is formed. In
order to impart the flexibility to the optical film 1, the second optical layer 5 is formed, for example, of a
layer containing a resin as a primary component. For example, one of the two primary surfaces of the
second optigaklaygr 54s a:$0e0th sueacenand the ethersurfacedsa congava-eonvex:surface (a
second surface). The concavo-convex surface of the first optical layer 4 and the concavo-convex
surface of théseevnd Dpticablayéer Schave the relatiorship i whichthle esicE/o-Eorivex shapes are
reversed to eﬁlch otk%(%r Tthe conc%ﬁo-convex surfgce of )Ehe first o&)tivgal Ia%/er 4is f(zr({ned, for
example, of a aléagfj v?orgfl}uctcﬁrg‘é1 4 Which'are one- irﬁlé“snsmrpTaI‘inl grr%mglﬁél “The Toncavo-convex
surface of the, sgcond opticallayer Sds farmedfor exampleqefatleastitwg, structues Sc which are
one-dimensionally arranged (see Figs. 3A to 4B). Since the structure 4c of the first optical layer 4 and
the structuréSc ohthedsedorrhoptical 1ayers aréonbyedifferentfidm eachrotheysuch that the
concavo-convex shapes thereof are reversed, hereinafter, the structure 4c of the first optical layer 4

will be deschb&u™d “ih-tHe Gtical Him 1, the Ditch® of the sROCRITES 48 5s Pidtersbly in a range of 5

pm to 5 mmg moke.preferably;in a range,ot5 pm 10 lessihan 250-pr. and-even.more pieferably in a
range of 20 to 200 pm. When the pitch of the structures 4c is less than 5 4m, it is difficult to form a

desired shapedherecafyahd in additiomritisalsggenérally difficalttdobtaintsteepaveliéngth selection
properties of the reflective layer 3; hence, the transmission wavelength may be partially reflected in

some cases: WhBN4h&8 TeRECTONaE dURchibEd AbdvE BETUrS Tsinée diffractibi s §énérited, and

high-order rggggti%gscalf,g)}ggwgq, the transparency tends to look not so good. In addition, if the pitch
of the structures 4c is more than 5 mm, when the shape of the structure 4c necessary for the
directional reflectiohds taken-mto ohsideratietca aecessary filmehickness besebmes large, the
flexibility is lost, and as a result, it becomes difficult to adhere the optical film 1 to a rigid body, such as

the window Fidtefial $6° in-HdaitoR* fhehthd it ArsriRe brutiafes™c is'§etto 166 than 250 p.m,
since the flgxibilityis further increased, a tall-to-roll. mapyfacturing progess; can he easily performed,

and a batch manufacturing process may not be necessary. In order to apply the optical film 1
according taan=rabodistentef the presentinventon o buidinganateriads, such as awindow, the
optical film 1 is necessary to have a length of approximately several meters, and hence, a roll-to-roll
manufacturifyprétads idstitsbly Ppeddrméd +ather than a batch manufacturing process. Furthermore,

when the pitch is sgf.in g.range of:20 fo 20Q.jim, the produgtivity is tuther jmproved. . ..,
preferably satisfies the range of transmissicn image clarity
which will be described later. The difference in refractive
index between the first optical laver 4 and the second
optical laver 5 is preferably 0.010 or less, more preferably
0.008 or less, and even more preferably 0.005 or less. When
the difference in refractive index is more than (0.010, the
transmission image tends to blur. When the difference in
refractive index is in a range of more than 0.008 to 0.010,

although depending on the outside brightness, no problems



In addition, the shape of the structure 4c formed in the surface of the first optical layer 9 is not limited
to one type, and the structures 4c may be formed in the surface of the first optical layer 4 to have at
least two types of shapes. When the structures 4c having at least two types of shapes are formed in
the surface, a predetermined pattern formed of the structures 4c having at least two types of shapes
may be periodically repeated. In addition, depending on desired properties, the structures 4c having at
least two types of shapes may be randomly formed (aperiodically). Figs. 3A to 30 are perspective
views each showing a shape example of the structure formed in the first optical layer. The structures
4c are each a columnar concave portion extended in one direction and are one-dimensionally
arranged in one direction. Since being formed on the structures 4c, the reflective layer 3 has the same
shape as thessurface:shape akthie structures deen +As the shiapeofdhe strustirede; $er example,
there may be mentioned a prism shape shown in Fig. 3A, a shape having a round ridgeline portion of a
prism showhFig 13B 1& réverdeashapeers [éntittilar -sHapetif Fig®88; oratevesed3shape thereof.
In this case, thelenticular shape. indicales a shape, In which e cross-seglion perpendicylar o a
ridgeline of the convex porﬁ)on iS a part of an arc shape or an almost arc ape, an eflﬁ)tlcal arc shape
or an almost elliptieal akc shape:or:aparapolicshaps-osar aimestparabelie shapes dberefore, a
cylindrical shape is also categorized in the lenticular shape. In addition, as shown in Fig. 3B, a round
shape (R) iy beformed & ¢he ridg elifie poFticn dntt theritio R, Ghab is, dhe +&tiw of a curvature
radius R to g%le picticl%E of tple strucﬁt%q:e 4% islgr feragﬁlg} 7°gggles§., more %rgf rably 5% or less, and

even more preeferajb y 395 or fess- eesrhape of the stfuctuire 4¢ is 116t limited %‘?héf%ﬁ%%es shown in

Figs. 3A to 3gancstheirgyersed shapes thereeh.and,a taroidal shape, @ hyperbglic celwmnar shape,
an elliptical columnar shape, a polygonal columnar shape, and a free-form shape may also be used. In
addition, the ¥eftex'of the prisheshapé or the lentictditar skaperrhay bdformedto Ravea polygonal
shape (such as a pentagonal shape). When the structure 4c is formed to have a prism shape, an

inclined angr% ) 8f)trﬁ%aﬁr?srﬁ-s%%f) SR A s B5 9P iRe Ii&gm%ngppligé] to'the window

material 10 sthe structure, 4c preferably has.a flat S%H@C%ﬁ’{w@gﬁwf?c@a@ﬁ\ﬂ%g an inclined angle
of 45 or more in order to return light coming from the sky in a skyward direction as much as possible

by reflectiormdftse reson thesshapelas destcrbed abbVeds formeed iscthab sincesthe! indident light is
almost returned skyward by one reflection, even if the reflectance of the reflective layer 3 is not so

high, the indid&Rtlight carfbe ticiéntly PEECHES if & SRShard direttion 24fd light 4B6ition in the
reflective layer,3 can.also beseduced, . .0 %dgi]':i%a% SEB}%QJHQQ-. 4Az the, structure 4c may have
|

an asymmetric shape with respect to the normal 11 to the incident surface Si or the emission surface
52 of the opticahfilnnd. frthistase, a pritraryraXisdim:ofdhe sirsicturerdciis inckned in an arrangement
direction a of the structure 4c with respect to the normal 11. Here, the primary axis Im of the structure

4c indicates’a Stagitimelpadsing fiTough & Ceftfaldoiht'6f i 5dsé 8F R cross-section of the
structure 4%%(} %gggge%ﬁhetrﬁgf.r\élggg theoptical film 1 js adhered to the window material 10

arranged approximately perpendicular to the ground, as shown in Fig. 45, the primary axis Im of the
structure 4c is preferabty inctined ta @lower side {grouadsside) of theswindowsmaterial 10 with respect
to the normal 11. The reason for this is that in general, since a larger amount of heat enters through a
window abdiR frr €aHy A& RGSH EEnd B Reifht P the 8GR IS frger tHtfEn aMHIEBPAS in many cases,

by using the, shapg described aboye, ngita'{}%@‘?ﬂ at %e%o'l'%hp%”rgc'%%S‘fadx‘%sc&?gd above can be
efficiently reflected upward. An ‘asymmetrical prism shape of the

first optical layer 4 and the seccnd optical laver 5 are

preferably formed of the same material, such as the same

resin material, which has transparency in the visible region.

When the first optical laver 4 and the second optical laver

5 are formed of the same material, the refractive indexes

thereof are equal to each other, and hence, the transparency

- 29 -



structure 4c with respect to the normal 11 is shown by way of example in Figs. 4A and 48. In addition,
the structure 4c having a shape other than a prism shape may also have an asymmetrical shape with
respect to the normal 11. For example, a corner cube body may have an asymmetric shape with
respect to the normal 1. The first optical layer 4 preferably includes a resin as a primary component
in which a decrease in storage modulus at 100C is small and in which the storage modulus at 25C is
not considerably different from that at 100C. In particular, a resin having a storage modulus of 3x109
Pa or less at 25C and a storage modulus of 3x107 Pa or more at 100C is preferably contained. In
addition, although being preferably formed of one type resin, the first optical layer 4 may include at
least two types of resins. In addition, if necessary, at least one additive may be contained. When a
resin is usedfas-aprimaryldamponent inavhich:a decreasedinssteragesmeaduits aht08Ers small and
the storage modulus at 25C and that at 100C are not so much different from each other, even when a

process inchidifig Heating \Hifﬁf_ﬁr ﬁﬁth%u%f’é%élﬁ@_ a@ﬁcﬁﬁ&ﬁ@ﬁéﬁoﬁﬁgq%iﬁé fdfation of the
concavo-conyex surface (the first surface) of the first oplicaljaver 4, a designed interfage shape can

be mostly maintained. On the other hand, when a resin is used as a primary component in which a
decrease ir: storagenaodalus atc10006 isjlarge:and the stenagetmedulus=ati2bG anththat at 100C are
significantly different from each other, a designed interface shape is considerably deformed, and for
example, the°8pticH fifiaTRay betiflddRSOmMe cagdestul A g protessinéladmeidating, besides

a process, élglc:hE s an rér%e%linrgjtre%thn%entt'newpiqﬁhslgegt Léidé[;%t'}’ ‘;Pé)r”eg t‘,gl)ntgqt etical film 1 or
constituent members ﬁ1ereo ,?or éxamp?e, there may be entioned process in which when a thin
film is formed s atestt ceRMPOSHIaS Tused, thertemperatireof arfilae farming stitace, is locally
increased and is indirectly applied to the thin film or the resin composition and a process in which the
temperaturé ot asmblitistinéressed sy eRerjiEraytariiation ane islinthetH) aphlied téx# optical film. In
addition, the erflfect o?tai%%o! Pg Iirrgiggg ége c?ua@erti,%al val range of Te stgr%ge modulus described

above is no?tba?t?dularjl mited toa spemﬁc type 0 fesin and can be obtained from any type of a

thermoplasti¢ resinoa thermesettingyesiie and:Ak epergysrayncableresinge tEigistorage modulus
of the first optical layer 4 can be confirmed, for example, as described below. When the surface of the
first optical Yayer 4 islexposet the- storage tHodulusiaf dtstexposedasurfaceacary beconfirmed by

light source, such as a distant electrical lamp, is observed,
a diffraction pattern ig liable to be clearly observed. In
addition, in order tc adjust the refractive index value, an
additive may be added to the first optical layver 4 and/or
the second optical layer 5.

The first optical laver 4 and the second optical layer
5 both preferably have transparency in the visible region.
Incidentally, there are two types of definitions of the
transparency, that is, one definition means no light
absorption and the cother definition means no light
scattering. In general, the transparency indicates only the
former; however, the optical film 1 according to the first
embodiment preferably has the above two optical properties.

Since a currently used retroreflector alims that reflected
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measurement using a microhardness tester. In addition, when the first base member 4a or the like is
formed on the surface of the first optical layer 4, after the first base member 4a or the like is peeled off
to expose the surface of the first optical layer 4, the storage modulus of the exposed surface can be
confirmed by measurement using a microhardness tester. As a method for suppressing a decrease
in modulus at a high temperature, in the case of a thermoplastic resin, for example, a method for
adjusting the length of a side chain or the type thereof may be mentioned, and in the case of a
thermosetting resin and an energy ray curable resin, for example, a method for adjusting the number
of cross-linking points and the molecular structure of a cross-linking agent may be mentioned.
However, it is preferable that necessary performance of a resin material itself is not degraded by the
structural change: as slessribedFer exampie, idepending an:the type of cress-tirkingagent, a resin may
become fragile since the modulus thereof at approximately room temperature is increased, and a film
may be warpéd@ricufidesifee the shfifkagé thereotds incredsaddtbnce’ the typdeF érgss-linking
agent is appropriately seleted In pocordance with desired properties, . When the first optical layer 4
includes a crystalline p(%ypnerpmaterlaT as a primary component, a resin is preféra I?/ used as a primary
component #mihich the glassn transitionpaint ishigher than theshighestteraperatyie-in a
manufacturing process and a decrease in storage modulus at the highest temperature in the
manufacturingiprocess i smab Drrthe bthey harmelif a Fésin is- aséd in wdich e glasstransition point
isina rang%gf aroom temger ture_of 25C to tTg hiqhest tgm erature in a manufacltggring process and

a decrease in storagelrﬁogulhcé dt tﬁglﬁié?ﬁ{eagﬁeMper%tu% i the ?nalrliﬂlﬁ%ﬁjr%%tﬁ‘r%cesg is large, it

becomes difficulfdprmaintaina designed ideal interface sbape dn the, manufactusingrogess.  When
the first optical layer 4 includes an amorphous polymer material as a primary component, a resin is

preferably usedkcas & jprimary componeatinawhichfthermeltingfpoint isthighertharethe highest
temperature in a manufacturing process and a decrease in storage modulus at the highest

temperatur&'in Hre thatFAdt0 FinG proCess A2SmaR "ORThE StHE hand o 87ekin is\fsed in which the

melting poingis in.arapge-pfa rom temperature of 25 1o the - highestiempgratyre in a manufacturing
process and a decrease in storage modulus at the highest temperature in the manufacturing process

is large, a désigned:ideél interface shapg maybe difficedt toflzenmaintained:mithe manufacturing
process. In this embodiment, the highest temperature in a manufac;turing process indicates the highest
tenuxHaUM§8Flelc waveiength, which is to be directionally reflected,
and is adhered to a transmission object which primarily
transmits light having this transmission wavelengith, and the
transmitted light is observed; hence, the optical film 1
preferably has no light scattering properties. However, in
accordance with the application, the scattering properties
may be intentionally imparted to the second optical layer 5.
The optical film 1 is preferably used by adhesion
thereof to a rigid body, such as the window material 10,
having transmission properties primarily to transmitted
light having a wavelength other than the specific wavelength
with & tacky agent interposed therebetween. As the window
material 10, for example, a building window material for a

high-rise builiding or a housing or a window material for a
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the concavo-convex surface (the first surface) of the first optical layer 4 in the manufacturing process.
It is preferable when the second optical layer 5 also satisfies the numerical value range of the storage
modulus and the temperature range of the glass transition point described above. That is, at least
one of the first optical layer 4 and the second optical layer 5 preferably contains a resin having a
storage modulus of 3x109 Pa or less at 25C. The reason for this is that since the flexibility can be
imparted to the optical film 1 at a room temperature of 25C, the optical film 1 can be manufactured by
a roll-to-roll manufacturing method. The first base member 4a and the second base member 5a
have, for example, transparency. Although the base member preferably has a film shape in order to
impart flexibility to the optical film 1, the base member is not particularly limited to this shape. As a
material for the firstbase;member4a anddhe seeenddaseymembercba,for example,iagommon
polymer material may be used. As the common polymer material, for example, there may be
mentioned & titetyrediRicse (TADY, & pblyesteri(TPEE), & pbiy(éthjlehtitYephthalate) (PET), a
polyimide (PI), a pol id?]%g’ ), an aramid, a polyethylene (PE), a polyacrylate, a polyethersulfone, a
polysulfone,p % %a{)%p&}r/%lea (ﬁlﬁ)(?at%iac%?yl%jg ﬂyo%e}{laatg(ﬁ?fslln;{)h?orﬁe%?%% a%c%yl resin (PMMA), a
polycarbonatg (R G anepaxy-esin, i uipa:-resima Urethang resin, o8 adnelaringresits however, the
polymer material is not particularly limited to the above materials. In view of the productivity, the
thickness ofsthietfirst Basé member @avarsd: tvat 'of the lsecondbasesmembdirSmssre-eaéipreferably in a
range of 38 to 108 Km; howevher, the thickné-:-ss i%Qot Iimite%thgregg. Thg first ba%e member 4a and the
second bas8 T&mbeF 52 each %re%%?asﬁ? have enelrayjfgy%raansp"éflreeﬁlcy.blfflewrle%s%‘ﬁ for this is that as
describe bejoyy..an gnergy ray aurable tesin previdedhstween the reflective-layes3-and the first base
member 4a or the second base member 5a can be cured by irradiation of energy rays from the first
base membeeda arahe secondchase menbersa side; e hvecfist opti€aldayert4 @nd the second
optical layer 5 have, for example, transparency. The first gptical layer 4 and the second optical layer 5

can be obtained” for Ex8mple, By-Curiig a¥esih 6thpdsiiion? A% thaesin“coinpdsiion>fh view of the
ease of manyfaciure an gnergy fay. cyrable sesin to.pe,cyredby light, elgctron;rays. or the like or a
thermosetting resin to be cured by heat is preferably used. As the energy ray curable resin, a
photosensitive resihicomppsition toibelcurechby fight islpreferaibde;, andnamn edtravioket curable resin
composition to be cured by ultraviolet light is most preferable. In order to improve the adhesion

between thé'Fetiective 1A7ErS Andithe fEtoptickt 18y&1°4 B ffe B8EGTd BptiEaITa)ér 5, the resin
composition preferably. further contains a,compoynd eeniaining BQ?SR@%%%M’ a compound

containing succinic acid, and/of a compound containing butyrolactone. As the compound containing
phosphoric acidlf fora@Xamples actrmeth)acrytate containing-phadsphoricegdidrmay Desused, and a
(meth)acrylic monomer containing phosphoric acid as a functional group or an oligomer thereof may

be preferabRedset: ALthdEompbiinbt@ntdiniig sGEGnRFACiE 3for €xaRTplé, &%meth)acrylate
containing succinic, acid may he ysed, and a (meth)acrylic H‘%%mg{:tﬂi@té‘ini?‘g; SHcginjc.acid as a

functional group or an oligomer thereof may be preferably used. As the compound containing
butyrolactonejferexample,a (meth)aeryhateseantaining bstyrolactone mayhber ugedsand a
(meth)acrylic monomer containing butyrolactone as a functional group or an oligomer thereof may be
preferably u%éé.ibl@Tllnéiﬁt*fa\%Iétkb%réﬁl%%ﬁﬂtéﬁrﬁpo§ﬂ%njdcﬁ?§ﬁﬁ%9fé?yeﬁh‘?ﬁlé,g]ét(meth)acrylate

and a photopoly 'E%“Ze%“s%”x%‘ét!?@%r! n_addition, It ng%e%%\% Vﬁﬂ‘ﬁf%'géwlco&%%“@Bhee@esér) composition
may further contain a light stabilizer, a flame retarder, a leveling agent, an antioxidant, and the like.
besides an inside surface of the glass, an cutside surface
thereof may also be used.
In addition, the optical film 1 may be used together
with another heat ray shielding film, and for example, an

optical absorption coating film may alsc be provided at the

interface between air and the optical film 1 (that is, cn
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As the acrylate, a monomer having at least two (meth)acryloyl groups and/or an oligomer thereof is
preferably used. As this monomer and/or the oligomer thereof, for example, a urethane (meth)acrylate,
an epoxy (meth)acrylate, a polyester (meth)acrylate, a polyol (meth)acrylate, a polyether
(meth)acrylate, or a melamine (meth)acrylate may be used. Here, the (meth)acryloyl group indicates
one of an acryloyl group and a methacryloyl group. In this embodiment, the oligomer indicates a
molecule having a molecular weight in a range of 500 to 60,000. As the photopolyrnerization
initiator, a compound appropriately selected from common materials may be used. As the common
material, for example, a benzophenone derivative, an acetophenone derivative, and an anthraguinone
derivative may be used alone or in combination. The amount of the polymerization initiator is
preferably in agange=0id 4 10sL0-pareent bygnassin a«solidcontent, When theiamolnt is less than 0.1
percent by mass, photocurability is degraded, and practical industrial production may not be suitably
performed. Oitthersthet hahtl iwherithe amdainbsf tiePolyRsstizationinitiater i8FH6re than 10 percent
by mass, andot e %ranoulpt o; irr%q%\tio‘r}ilig%j:s srpgjcl, %régg:?r i%ndesrto gem%igggcaecoating film. In this
case, the solidf content indicates all the compoﬁentseformlng a‘clred hard coat layer. In particular, for
example, an aeryate; &-phetopalymerizatign imitiator xand the dike ke cgllectively called the solid
content. A resin to which the structure can be transferred by energy ray irradiation, heat, and the
like is prefefaisly Used, ahllastiongeas: thezabdve-deseribEd requestd6i tHerefractiveédndex is satisfied,
any type of resin, for xam&le, a_heat&u(gablg resin or an i%nizin ragéjiation %%rable Eqsin,lsuch as an
epoxy resin. or aﬁﬁ%rr%%%ssficpr‘égi‘ﬁ% suchs ptglyeicé"r%o%% & or po?ya“c’;ersﬁgte, rr(?a)(/J he'Used. An
oligomer may bg addgdiinerder tadecrease the,ewring, shrinkage.A polyiseayanate or the like may
also be included as a curing agent. In addition, in consideration of adhesion to the first optical layer 4
and the secbad<optical tayetr 55 at 1éastaoneoba tnonomer having & droxgk gkdut atarboxyl group,
or a phosphoric group; a polialcohol compound; a ca}gboxylg acid; a silﬁnef,%n a!Luminum or a titanium
coupling agBRE At varidlls thelHting dderits hiay atshe alded® " “The tesifi comiposition preferably
further contains.a cross-linking.aaeni-As this €ress-linking agent.in particularya cyclic cross-linking
agent is preferably used. The reason for this is that by using a cross-linking agent, heat resistance can
be imparteditoctheresire without eonsiderably €hangingrthessterdge modulgsat hkeomdemperature. If

the storage modulus at room temperature , ‘ »
this window glass surface and the optical film 1. In this

case, an ultraviclet absorber may alsoc be kneaded in a
beonding layer provided between the window glass surface and
the optical film 1.

In addition, in accordance with the application of the
optical film 1, the optical film 1 may be colored in order
to impart design characteristics theretc. When the design
characteristics are imparted as described above, at least
one of the first the optical layer 4 and the second optical
layer 5 is preferably formed to primarily absorb light in a
specific wavelength band in the visible region without
degrading the transparency.

Fig. 2 is a perspective view showing the relationship

between incident light incident on the optical film 1 and
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considerably changes, the optical film | will become fragile, and production of the optical film 1 by a
roll-to-roll process or the like becomes difficult. As the cyclic cross-linking agent, for example, there
may be mentioned dioxane glycol diacrylate, tricyclodecane dimethanol diacrylate, tricyclodecane
dimethanol dimethacrylate, ethylene oxide-modified isocyanuric acid diacrylate, ethylene
oxide-modified isocyanuric acid triacrylate, or caprolactonemodified tris(acryloxyethyl) isocyanurate.
The first base member 4a or the second base member 5a preferably has a lower water vapor
transmission rate than that of the first optical layer 4 or the second optical layer 5. For example, when
the first optical layer 4 is formed from an energy ray curable resin, such as a urethane acrylate, the
first base member 4a is preferably formed, for example, of a poly(ethylene terephthalate) (PET) having
energy ray fransmissian prapertiesfand-adawerwater vapardsansimission. rateitkan that of the first
optical layer 4. Accordingly, diffusion of moisture from the incident surface 31 or the emission surface
32 to the reflettive Fay@%“c&n pesubpréssedi g that BeyFadatiordf #rétal ér fHeslike contained in
the reflective ayg. 3.cafbe suppiessegl. JberefpLe, the,durgbili of the gotje fitm . gan be improved.
In addition, the water vapor transmission rate of a PET having a thickness of 75 pm is approximately
10 g/m2 /day (4060, 90%:RH). surltis-preferable that:atdeastene of the first apticat layer 4 and the
second optical layer 5 includes a functional group having high polarity, and that the content thereof in
the first optital leet 4%is1différett frorh tNAtlN thé seebharoptical /et 5¢ itss praferable that the first

optical layer 4 and the second optical layer 5 both contain a phasphoric acid ¢ ound, (such as a
Phosphonc i) A At ISR B 1 (8 Tt el o 4 S SHMt fom that n the
second optiggklayes 5. Theiconteptota phospbaric agid gommpynd;it: the first opticaldayer 4 is
preferably different from that in the second optical layer 5 by two times or more, more preferably 5
times or marégandeverthore Preferablytbyi 10 tinfesbemicrec WwaWhematieaseode of the first optical
layer 4 and fge asgggggoorptlc@@yer tSi%%rita@lsl?ﬁ plﬂo phoric acid compound, the reflective layer 3

preferably contains an oxitle, a nitffde;: of an OXynitri &R a-Siface theredt Wcﬁic%hi% in contact with at

least one cfithe first.eptical dayer 4 and the secondaptical layet wwhichieontaing a phgsphoric acid
compound. In particular, the reflective layer 3 preferably has a layer containing zinc oxide (ZnO) or a
niobium oxideawtichrisircentact withcattleastone of the first opticaklayer 4i@nd the second optical
layer 5 which cantains a p,hosE)horic acid compound, The reason for this is to imﬁ)rove the adhesion

between atié&storit of the'se Opticat 1a/ers and thé reflebiive e 3°TiF adiditioh; the feason for this is

that when the reflectiveJayer,3 cantains a metal, such as1A0.-a high;couesiop esistance effect can be
obtained. In addition, the reflective layer 3 may also contain a dopant, such as Al or Ga. The reason

for this is that wheh 4 metal Oxide layed e formedtbya sputterihgtmethod: odtre:like,ghe film quality
and the smoothness are improved. Since imparting design characteristics to the optical film 1, the

window materfi 167 antithddikeSat leb®t bnklof the'firsf Opticaltaydr 4 XhdtheSecdhd optical layer 5
preferably has properties of ahsorbing lightin a specific wavslength-hand in, {he, yisiblg region.

Although a pigment to be dispersed in the resin may be any one of an organic-based pigment and an
inorganic-based gpigment; i padticllag ah imorganiopigmenthaviaginhersnt high weather resistance
is preferably used. In particular, for example, there may be mentioned inorganic pigments, such as

. ! Yy edan

zircon gray{Eo-Ni-dopetESiO 47 gfasebayrfitAtyéifctv ¢Br-doped ¥rSi64), cHrémiG titanium
yellow (Cr, Sb-doped T1Q2 of G, V¥'}9e°p&&@?@%&@?%%%@?@”l&%‘&“l‘"? 1293), peacock blue
((Cozn)0(AICr)203), Victoria green (Al, Cr)203), dark blue CoO-AI203-%|02), banadium zirconium blue
(V-doped Zi3i4)s shrome tingaink £ Cssdoped=Ca®-on024Si82) martganesecpink (Mn-

intensity in a ¢ direction is maximized when the incident

angle (0, ¢) is fixed, and the optical film 1 is rotated

around the normal 1; to the incident surface S1 thereof (see

Figs. 3A to 4B). However, when there are at least twc axes

(directions) at which the reflection intensity is maximized,
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doped Al203), and salmon pink (Fe-doped ZrSiO4); and organic pigments, such as an azo pigment
and a phthalocyanine pigment. (Reflective layer) The reflective layer is a wavelength-selective
reflective layer formed of a laminated film in which, of light incident on an incident surface at an
incident angle (8, 0), light in a specific wavelength band is directionally reflected while light other than
that in the specific wavelength band is allowed to pass therethrough. The average thickness of the
reflective layer 3 is preferably 20 Rm or less, more preferably 5 Rm or less, and even more preferably
1 Rm or less. When the average thickness of the reflective layer 3 is more than 20 Ka, the length of a
light path in which transmitted light is refracted is increased, and a transmission image is liable to look
distorted. As a formation method of the reflective layer, for example, a sputtering method, a deposition
method, a dip€oatingaethod, asdsa:dieiceating:-methed may:be mentionedzn  The laminated film is
a laminated film having at least five layers, for example, in which metal layers having a high
reflectance #the irfffared tegiofldnd high Pefractivecintisk I8y srs HEVing AchigR Féfractive index to the
metal film inl thervisibé% é%qiog abnd ﬁumtionérg%ag anan 'rgflgcg\éecg%yeeé are ta&ltceig%t}gll\yiI:T_}a@(ninated to
each other. As tﬁglfugh re ractlv%-lndex’layer, an optlc(:;a ly transparent layer or a transparent
conductive layerspay berised. by  The. metallayerhavigg:ahighoeflectaneei inthe nfiared region
contains, for example, as a primary component an element, such as Au, Ag, Cu, Al, Ni, Cr, Ti, Pd, Co,
Si, Ta, W, Mé&corGea bt an alloyecontairfing wt leasttivoceleinentd medtiched:absve Sinfaddition, when
the practicalig/tisga en ir%to onin{derationéamonfg thgggergegtioqg above, a Ag-based, a Cu-bases,
an Al-based, a Si-baséd, or a Ge-baséd maferia ?sspre erab yuse . When an alloy is used as a
material for the metal layer, the metaklayge preferably ¢ontains AleunAlTinAlGr, AiCo, AINdCu,
AlMgSi, AgBi, AgNdCu, AgPdCu, AgPdTi, AgCuTi, AgPdCa, AgPdMg, AgPdFe, Ag, or SiB as a
primary conpénrenti re atdifions iH-order 1o suppfessetirsicamosibheofthe métal layerhd material, such
as Tior Nd,tig pbreferabl added thereto. Igé)%té%ulgr, when Ag is used as a material for the metal

e transmitted are cC epending on the application
of the optical film 1. For example, when the optical film 1
is applied to the window material 10, the light in the
specific wavelength band which is selectively dimensionally
reflected is preferably near-infrared light, and the
specific wavelength to be transmitted is preferably visible
light. In particular, the light in the specific wavelength
band which is selectively dimensionally reflected is
praferably near-infrared light having a primary wavelength
band of 780 to 2,100 nm. By reflecting near-infrared light,
when an coptical element is adhered to a window material,
such as a glass window, an increase in temperature in a
building can be suppressed. Hence, air-conditioning cooling
load can be reduced, and energy saving can be performed.
In this embodiment, the directiocnal reflection indicates
reflection in a specific direction other than the specular

reflecticn, and the intensity of the directional reflection
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layer, the material mentioned above is preferably added. The optically transparent layer is an
optically transparent layer which has a high refractive index in the visible region and functions as an
antireflective layer. The optically transparent layer contains, for example, a high dielectric material,
such as niobium oxide, tantalum oxide, or titanium oxide, as a primary component. The transparent
conductive layer contains, for example, as a primary component a ZnO-based oxide or an
indium-doped tin oxide. In addition, as the ZnO-based oxide, for example, at least one selected from
the group consisting of zinc oxide (Zn0), gallium (Ga) and aluminum (Al)-doped zinc oxide (GAZO),
Al-doped zinc oxide (AZO), and gallium (Ga)-doped zinc oxide (GZO) may be used. In addition, the
refractive index of the high refractive-index layer included in the laminated film is preferably in a range
of 1.7 to 2.6i Fheurefractiveindexissmere preferably ina range:qf 1.8 tord 6andreven more preferably
in arange of 1.9 to 2.6. The reason for this is that the antireflection in the visible light region can be
realizable by &thi fifrfiTin Which: chacks aretictdikely i Be geherateds P s ¢aBa  the refractive index
s at a wavelengih.of 550.mm, The hidh refragtive-ipdex Jayerds &, laver sontainng, for example, a
metal oxide as a primary component. As the metal oxide, in order to reduce a stress of the layer and to
suppress the:generation of gracksg axmelalgxide otherthanzing oxide-mayde-preferably used in
some cases. In particular, at least one selected from the group consisting of niobium oxide (such as
niobium peritdxieled ferrditih eXide (ButhE tantalanPpentoxide)y and titamiuke bxidesispreferably
used. The filem tﬂi%‘@?gs o; 6t3 hiaiqahjlref%ad.:;tivg:-]-findggt(ﬁej_\’ayerzjlsl gr%ferabl .in arange of 10 to 120 nm,
more prefera%iey ina ranéDe of T0%6 100 nm, and even more pre?éar%l% flsnsé?gnge of 10 to 80 nm.
When the filmdhiekness isiless than d0nmmyistlgdight tendssto-he easily seflected-©n the other hand,
when the thickness is more than 120 nm, a decrease in transmittance and the generation of cracks are
liable to ocdernc rRigl &'shoWws oAd axahiple iof thedamiratiohestrnectire of thie reflective layer 3.
Layers of the reﬁegti\k/ﬁ Iaye593 are called a first, a sTeCé)nd, a thirgog fourth, and a Q{g{; layer from the
emission sufface"side a¥1d3 will 5 desérived Befow. The inarﬁskfjié/yer, the thifty if'fy’er,aa the fifth layer are
each a highsefractive-index layes coptaining, forgxample, GAZO as a primary component, and the
film thickness of the first layer is formed approximately equal to that of the fifth layer. The difference in
film thickness betweentthe dipstilayer dndithé fifth layeristpreferablei0% dariless with respect to the
film thickness of one of the two layers, more preferably 5% or less, and even more %referably 3% or

less. In addftion: the SBc8Rd 1ayerand e fourtilayef AP 2alh a_%%otaF%y%??Ormqé “for example, of A
NdCu as a pdmany; cepypanent, and the, film,thicknesses thereaf are fprmeg.approximately equal to
each other. The difference in film thickness between the second layer and the fourth layer is preferably
10% or lesstwithrespectdovthaditmthickngss of Dnkeigfthedwoilayers; snorenpreférably 5% or less, and
even more preferably 3% or less. The lamination structure of the reflective layer 3 is not limited

thereto, and fot Exaimpl@, Spiaraiify” of' §d5arated TayRAE &7 orRt oh& High F8raftiie-index layer. Figs.
6A to 6F each showope gxample of the lamination structire of fhe reflective Jayar3 In which a plurality
of separated layers forms one high refractive index layer. In the example shown in Fig. 6A, the third
and the fifthchighwefractive-indéxlayets arg edchiformed of twe layersarespeetiviely containing ZnO
and Nb205 as a primary component. In the example shown in Fig. 63, the third high refractive-index
layer is forméd df threedayersitespéctively ContainmgCAZS NB265 Cand G AZO as a primary
component, and g}%ggtg high E%féaqjtk\/giirqgg%g Ig¥er('§ foy&p)epl ofhwo layers, geC%Pectively containing
GAZO and Rlb205 as a primary component. in the example shown in Fig. 6C, the third high
refractive-index:ilayeeis formaed.ofitwo layersirespectively gantaiiing £aQans-Nb2051as,a primary
component, and the fifth high refractive-index layer is formed of three layers respectively containing
ZnO, Nb205‘Zkd%as e prfdnf E6mpoReft P x < 1/ TRE BXarfiphe Shown in Ei§ 60:aK&Mirst, the third,

and the fifth:-high refractive-index layers are each formed of twq layers.respectively containing GAZO
FighJelractivesindex layers are eag ¢d of twg Jays &ly containing
and Nb205 as a pn%naryscomp?onent. I t%eeefaﬁcp}i%e shown in ?—“llg. Clg',lt%ré irst %ng%hel fifth high
refractive-inglexdayersraresea@it. as described above, and the optical film 1

is adhered to the window material 10, of light coming from

the sky over buildings having approximately equivalent
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formed of two layers respectively containing GAZO and Nb205 as a primary component, and the third
high refractive-index layer is formed of three layers respectively containing GAZO, Nb205, and GAZO
as a primary component. In the example shown in Fig. 6F, the first high refractive-index layer is formed
of two layers respectively containing GAZO and Nb205 as a primary component, and the third and the
fifth high refractive-index layers are each formed of three layers respectively containing GAZO, Nb205,
and GAZO as a primary component. In addition, the laminated film is not limited to a thin film
formed of an inorganic material and may be formed by laminating thin films formed of a polymer
material or layers containing a polymer material and fine particles dispersed therein. In addition, in
order to prevent degradation of an underlayer metal by oxidation in the formation of these optically
transparentidayeyst a bufterayerot:Ticorsthedike haviagsensmallthickness, such as approximately
several nanometers, may be provided at an interface of the optically transparent layers. In this
embodiment theBuffer Iy 8Fis & Tfer WHIth BxidiZes itseR i e forhiatibi afthe uplder layer so as to

suppress the oxidation of the metal Javer ot the ike funtioning. s an.underlayer, (Suppression of
Change in Color li'one) n fhis embodiment of the present Invention, an index value which indicates

the color toRg,csuch as plueness:aliedness | isssetuandthe chapgedn colaydeneds suppressed by
forming a laminated film so as to satisfy this index value. In this example, a blueness index and a
redness indéR‘stE®@ach setds the ideXsalte forthe dolepigiielar Theablheness index is an index
value to jud%? whether transmitted Iiight has blueness Qrsnotiééxfglgaek? ss index value is calculated in
such a way that after’a proddct of & light Soutcé Spettrum in & wave eﬁ/gtﬁ range o to 750 nm,
reflectance, and lwminosity factey ig integratedand the valye obtained-thesehy. is divided by a value
obtained by integrating a product of the light source spectrum and the luminosity factor. The
blueness index vaferidyreferablyrlessthahaots2 and rifdre preferdbiydess tan 0.111. The reason
for this is that ywhen bluengss in value is in a range of 0 to less.than 0.111, the blueness is
hen the bluengss index value i

hardly distwlblnE], ndwhen'it is 17 ara ge o 171781888 than 0. ,ua{ft%%ﬂg Oéieypending on the
outside brightnessuihe bluenessys almost pot disturbing. Qn the otherhand, when the blueness index

value is in a range of 0.152 to less than 0.2, transmitted light is liable to have a slight blueness in a
specific angte direcionsiandwiiemit is B2 <cr<fdre, transimitted:lightis diableito have a deep blueness
in a specific angle direction. The redness index is an index value_to ju %e whether transmitted

d
light has redEss"6PASE AN thE tast F thBBiuBRESS intex VETUS “the Fathess i dex Value is
calculated in sygh a wgy that after a.progugs of akght source

In the optical film 1, the directional reflection of
light in a specific wavelength band is preferably in the
vicinity of retroreflection, that is, the reflection
direction of light in a specific wavelength band with
respect to the light incident on the incident surface 51 at
an incident angle (0, ¢) is preferably in the vicinity of (8,
$¢). The reason for this is that when the optical film 1 is
adhered to the window material 10, of light coming from the
sky, light in a specific wavelength band can be returned
skyward. In this embodiment, the vicinity is preferably
within 5°, more preferably within 3°, and even more

preferably within 2°. The reason for this is that when the
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spectrum in a wavelength range of 620 to 750 nm, reflectance, and luminosity factor is integrated, and
the value obtained thereby is divided by a value obtained by integrating a product of the light source
spectrum and the luminosity factor. The redness index value is preferably less than 0.258 and
more preferably less than 0.175. The reason for this is that when the redness index value is in a range
of 0 to less than 0.175, the redness is hardly disturbing, and when it is in a range of 0.175 to less than
0.258, although depending on the outside brightness, the redness is almost not disturbing. On the
other hand, when the redness index value is in a range of 0.258 to less than 0.3, transmitted light is
liable to have a slight redness in a specific angle direction, and when it is 0.3 or more, transmitted light
is liable to have a deep redness in a specific angle direction. (Function of Optical Film) Figs. 7A
and 7B are geossesectional views eachiibustrating.one example of ¢he funstion-ef-ar optical film. Here,
the case in which the structure has a prism shape of an inclined angle of 45 will be described by way
of example.3&s! shBwNCIATFig2 YAL Altholigh Sorté oF fidaf-thffdred ight t¥ of élffightindident on this

optical film 1 s directionally. reflected skyward in a direction approximatel eq,yival nt tQEH]e incident
g 16 fgrﬁ\% 5p ical fitrh 1.lgh% ior eCl%106\:/vn ?nVE%e%% the light

i
direction, viSible ﬁé‘lgt%Lf?rajh%%i n additio ,as s
incident on the,gptical film L andyeflected ea the reflectiveJayer. surface, afithe; raflectivedayer 3 is
separated into a component LA reflected skyward and a component LB not reflected skyward at a ratio
in accordanee WitH thier irtidentiariglenireaddition, &fter BeihgEpechidifirefiegtéP at tietinterface

between the second ogtlcal layer 5 %nd air, the comgonent LB .no refle%{ed srlg/ward is finally reflected

in a directiof ‘différent fiom the ifcident direction: ©— WiReR the inciden ansgeie o?lfigﬁfisar%presented by

8, the refractive.index of the first optical layer.is yepresanted by:n,ang: the-reflectance of the

reflective layer 3 is represented by R, the ratio of the component LA reflected skyward to all the
incident comporents:is showmby the followihgdormola @)rection; however, when
X-qsin(45-8")+cos(45-8")/tan(45+81))/(sin(45-8")+cos(45- 8'))>,<R2...(1§ In tt%e abqve formula, 8'-sin
(sina/n) holFE TP ratid GFthe”EGmponent ¥ BHot refiseidd Skydvarg Sc 1t 1c direction

as in the case of the present invention, the retroreflectiocn
direction may not be strictly made equal to the incident
direction.

In the optical film 1, the value of the transmission
image clarity measured using an optical comb with a width of
0.5 mm in a wavelength band having transmission properties
iz preferably 50 or more, more preferably 60 or more, and
even more preferably 75 or more. When the value of the
transmission image clarity is less than 50, the transmission
image tends to blur. When the value is in a range of 30 to
less than 60, although depending on the ocutside brightness,
no probklems may occur in daily life. When the value is in a
range of 60 to less than 75, although a diffraction pattern
cof a very bright object, such as a light source, 1is
disturbing, an cutdoor scene can be clearly seen. When the

value is 75 or morsa, the diffraction pattern is hardiy

- 38 -



increases, the ratio of the incident light reflected skyward will decrease. In order to increase the ratio of
the skyward reflection, appropriate designing of the shape of the reflective layer 3, that is, appropriate
designing of the shape of the structure 4c of the first optical layer 4, is effective. For example, in order
to increase the ratio of the skyward reflection, the shape of the structure 4c preferably has the
lenticular shape shown in Fig. 30 or the asymmetrical shape shown in Figs. 4A and 4B. By the
structures described above, although light may not be reflected in the completely same direction as
that of the incident light, the ratio of light reflected upward to the light incident above a building window
material and the like can be increased. Since one reflection of the incident light by the reflective layer 3
is enough as shown in Figs. 8A and 8B, the two shapes shown in Figs. 30 and 4A can increase a final
reflection campenentias comparetde-thathy the:shape aswshown reack of Figs. 7A and 75 in which
reflection is performed twice (or 3 times or more). For example, when two-time reflection is used, if the
reflectance bf e Feffettive 1ajers is adsimedrsovs i i certdindvavelergih: e SRifvard reflectance

is theoreticalljy 64%, ang vghe ti&e [%f ction i rform nce, the skyward reflectance is 80%. Figs.
9A and 93 show the ‘r%]aﬁongf%p of a rgledémenﬁné 2:% %%Th?b%lu%ﬁaﬁ&ﬁjgﬁe 4¢ with the incident light L

and the reflpetegdight 1y Ivis(preferable-that of the incidentdight 2 7ncident.endhe dagident surface Si at
an incident angle [0, 0), the optical film 1 selectively directionally reflects the light Li in a specific
wavelength®E e direefdr {86,10) {00<00<900rwhild transititing thelight L2<othér than that in
the specific vtr/favegilga:gL th band. The reason for this is tharlvﬁxe/hen the relf‘%“@ﬁ as described above is

| n

satisfied, thg ff;h n Semésgéiﬁg V\;"ét\l/ae?eené:t YBahd can bereflec e%inskywa{rd. Y this case, 0 indicates

an angle formed betweenthe nogmal 4249 the incident suface biandthelingident light L or the
reflected light L. In addition,indicates an angle formed between the straight line 12 which

perpendicularlydntersectsthe ¢idgetine USssf thieecoldmhar stritictuwred clipctbedacident surface Si and a

componenté)ﬁthe incid%nt Igjgﬁh.t or the reflected light LI which is $ro'ect,ed on tl’%e ir%:iqlfent surface Si.
¥ S GIOCRREe ardtindthe Wotidi 11 i represehted by + *H&rid an angle 0

In addition, an ar?dlé%lro?a
rotated antiglockwisesisreprasenteddy;’s0% An anglesetated slackwise around the straight line 12 is

although a diffraction pattern of a very bright object, such
as a light source, is disturbing, an outdoor scene can be
clearly seen. When the total value is 350 or more, the
diffraction pattern is hardly disturbing. In this
empbodiment, the value of the transmission image clarity is
measured in accordance with JIS K7105 using ICM-1T
manufactured by Suga Test Instruments Co., Ltd. However,
when a wavelength to be desirabiy transmitted i1s different
from a D65 light-source wavelength, measurement is
preferably performed after correction is performed using a
filter for the wavelength to be desirably transmitted.

In the optical film 1, a haze in a wavelength band
having transmission properties is preferably 6% or less,
more preferably 4% cor less, and even more preferably 2% or

less., The reason for this 1s that when the haze 1s more
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represented by "-FA)", and an angle O rotated anticlockwise is represented by "-0". [Manufacturing
Apparatus of Optical Film] Fig. 10 is a schematic view showing one structural example of a
manufacturing apparatus for manufacturing an optical film according to the first embodiment of the
present invention. As shown in Fig. 10, this manufacturing apparatus includes laminate rolls 41 and
42, a guide roll 43, a coating device 45, and an irradiation device 46. The laminate rolls 41 and 42
are formed to be able to nip an optical layer 9 provided with a reflective layer and the second base
member 5a. The optical layer 9 provided with a reflective layer is formed by forming the reflective layer
3 on one primary surface of the first optical layer 4. In addition, as the optical layer 9 provided with a
reflective layer, the first base member 4a may be formed on a primary surface of the first optical layer

4 other than: thensurface earwhichiba refleetiveilayer34s dermaed.ria this:example, the case is shown in
which the reflective layer 3 is formed on one primary surface of the first optical layer 4, and the first
base membieh U igBFAHAEH D thelbthel pritnary SipfTertherest. Theginde ¥61l 4358 afranged at a

transport path of this manufacturing apparatus.so rt the belt-st d optical film 1.
SN BEAS S 8 guice 145 a38 1 Pvicu

Materials for the Taminate rolls 41 an are not particularly limited, and in

accordanceqwith elesireddall propertiesafor exanpleradngtalrsucias staiplesssteel.aqubber, or a
silicone may be appropriately used. For example, a device having a coating unit, such as a coater,
may be usedcastifercoating davice 4s: AsrtHe coater, idconsideration ot $hé physicaFproperties and

the like of different from the D65 light-source wavelength, measurement

is preferably performed after correction is performed using
a filter for the wavelength tc¢ be desirably transmitted.
The incident surface 31 cf the optical fiim 1 has a
smoothness so as not to degrade the transmission image
clarity, and preferably, the incident surface S1 and the
emission surface $2 both have the smoothness as described
above., In particular, an arithmetic average roughness Ra of
each of the incident surface 81 and the emission surface 52
is preferably 0.08 um or less, more preferably 0.06 um or
less, and even more preferably 0.04 pm or less. In additiocn,
the arithmetic average roughness Ra described above 1is
calculated as a roughness parameter by measuring the surface
roughness of the incident surface and obtaining a roughness
curve from a two-dimensional profile curve. In addition,
the measurement conditions are set in accordance with JIS
BO601l: 2001. A measurement apparatus and measurement
conditions are shown below.

Measurement apparatus: full automatic microprofile-

measuring instrument Surfcorder ET4000A (manufactured by
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a resin composition to be applied, for example, a gravure coater, a wire bar coater, or a die coater may
be appropriately used. The irradiation device 46 is an irradiation device which radiates ionizing rays,
such as electron rays, ultraviolet rays, visible rays, or gamma rays. In this example, the case in which
a UV lamp which radiates ultraviolet rays is used as the irradiation device 46 is shown. [Method for
Manufacturing Optical Film] Hereinafter, with reference to Figs. 10 to 130, one example of a
method for manufacturing an optical film according to the first embodiment of the present invention will
be described. In addition, in consideration of the productivity, a manufacturing process shown below is
preferably performed partially or entirely by a roll-to-roll method as shown in Fig. 10. However, the step
of forming a mold is performed independently. First, as shown in Fig. 11A, a mold 21 having the
same concave=convex shaperas-that:of the structure 4c or a mold (replica) having a reversed shape
thereof is formed, for example, by cutting tool processing or laser processing. Next, as shown in Fig.
115, the concavo-éenvEicshdpatef the Bhoveimbtd 21 §s transferrad fo- afiirmeshased fésin material,
for example,{%sing_,g @elt4extru§ion cr:rlllettgtgg or a transfer r@et@gd. As tggér%ngg%method, for example,
there may bé méntioned a method in which an energy ray curabfe resin is pouredain a mold and is then
cured by irragliation: obenergy:rays, amethoddp whish a;shape is transferred to a resin by applying
heat and/or pressure thereto, and a method in which a resin film is supplied from a roll, and a mold
shape is transferreththetetorisyrapplying heacdamindtlon transfer méthéd). JAdcordingly, as shown in
Fig. 110, the firsgcogti%ﬁl layer 4 is fgr ed so that or&primag}/ surface thfergofi has theLstruCcitures 4c.

In addition, a8 SHOwnR |n'§3iga‘.sllrbef%héf ?irstaospt%%f’ﬁalyer% r%%y beformet on the first Bage Meémber 4a.
In this case, foexample, asmethod:is used inwhich.afferthe film-shaped firstbasg,member 4a is
supplied from a roll, and an energy ray curable resin is applied on this base member, the resin is
pressed on theahold-sa:that the shapeutheredf is transféried anddscured byriradiatiohrof energy rays.
In addition, the resin preferably further contains a cross-linking a%ent. The reason for this is that heat

resistance c&ff Belmparted o the raSirr {ithbut Cofsidgrals chahghg e Soragé modulus at room

temperature.., . JNeXt, as:shown, iniFig, 124, the seflective layer 3.is farmed on gne;primary surface of
the first optical layer 4. As a method for forming the reflective layer 3, for example, a sputtering

method, a depasitiemmethod ha chemidainapordeposition (C¥B3 methody awdip coating method, a die
coating method, a wet coating method, and a spray coating method may be mentioned, and among

those film-foffRing MEthGHE B pretErabie inéthdd 55 Bppfoprialely Seledisl hesddtiddfice with the
shape of the sfructure 4c. ot the: like. Next, as %@W%%F@bézghg&%@féi‘% an annealing treatment

31 is performed on the reflective layer 3. The temperature of the annealing treatment is in a range, for

example, of t20QA10:256€. x and y of the reflected light preferably
satisfy, for example, 0.20<x<0.35 and 0.20<y<0.40, more
preferably 0.25<x<0.32 and 0.25<y<0.37, and even more
preferably (0.30<x<0.32 and 0.30<y<0.35 in the case of
illumination of the D&5 light source. Furthermore, in order
net to make the color tone look reddish, y>x-0.02 is
preferably satisfied, and y>»x is more preferably satisfied.
In addition, 1if the reflection color tone varies with the
incident angle, for example, when the optical film 1 is
applied to a building window, 1t is not preferable since the

color Ttone lcoks differently from place to place or appears

to change when viewed during walking. In order to suppress



Next, as shown in Fig. 120, an uncured resin 22 is applied on the reflective layer 3. As the resin 22, for
example, an energy ray curable resin or a thermosett resin may be used. As the energy ray curable
resin, an ultraviolet curable resin is preferable. Next, as shown in Fig. 13A, a laminate is formed by
placing the second base member 5a on the resin 22. Next, as shown in Fig. 138, while the resin 22 is
cured, for example, with irradiation of energy rays 32 or heat application 32, a pressure 33 is applied to
the laminate. As the energy rays, for example, electron rays, ultraviolet rays, visible rays, gamma rays,
or electron rays may be used, and in view of production facilities, ultraviolet rays are preferable. An
accumulated irradiation amount is preferably selected in consideration of curing properties of the
resin, suppression of yellowing of the resin and the base members, and the like. The pressure applied
to the laminate:iscpreferably.inca rafge ofi 0.6k teld MPaL ¥When the: pressurelis: tesstthan 0.01 MPa,
travelling performance of a film may cause a problem. On the other hand, when the pressure is more

than 1 MPay& HiétaP folFeenbessafiff i§ed As A Rip-FHICBAA e SSuredirredtiaity nfay be liable to be
generated. AEC%:@QQ!X& S I%QO\C/)vrrl} ig Iéigirll39dtg1§tses%or}_da8%ti%al I%y[ert%és gon@??sgi%rﬁ the reflective
layer 3, so tﬂia the optica Fiim 1is obtained. By using the manufacturing apparatus shown in Fig. 10, a
method for forming: thes opticaldfim: hwilkdee particilarly descrbedkist, thes seeonddrasenmember 5a is
fed from a base member supply roll (not shown), and this second base member 5a thus fed is allowed
to pass undépfifaiedating Hevice 45 Next, Bhcofizing fdy édreble résiA 44718 appiiet BiyFthe coating
device 45 on gh% eseggn%pas&ryg&berc%a Qas%i g tgﬁrr%tg{lad@{. Next, égg secon bas.eO ember 5a on
which the ionizing ray curablé tesin 44 is apBIie IS transporteﬁ"o the faminate rolls’ On the other
hand, the optical layer:9 provided with-a reflective layer isfed:feam, angpticaldayer-supply roll (not
shown) towards the laminate rolls 41 and 42. Next, the second base member 5a and the optical layer
9 provided With3a eeflective.layer! vwhieh dre trarspoftetiare helkdbetweerr fife Riminatrolls 41 and
42 so that air bubbles are POt traggeghbetwegn thf sg,c]ondlbasermem%er 5a and the 0£tical layer 9
provided Wif?\ré"ﬁrlgﬂé/ctﬁ/%rla%ﬁ and tﬁeeogt?call ?gyer g ”p%wded with & réjffeectﬂ/%ml%lf/érc ISlTaminated on

the second base membet S5ar Next, whilethe second basednembes 5a anavhich the-gptical layer 9

provided with a reflective layer is laminated is transported along a peripheral surface of the laminate
roll 41, the ionizirg ta@yicurable resin 44cisfcured by iscadiationedf iomizing tay$frem a second base
member 5a side using the irradiation device 46. Accordingly, the second base member 5a and the

optical layerd provided With aTefiactive faye? ars hohted (6 BAER Bth&r with the ionizing ray curable

resin 44 interposegetpgggg%twggp, §Qgh§gmta<gggt§galpng é))pgigalgtilnggeisg@gggg{. Next, the
belt-shaped optical film | thus formed is wound by a winding roll (not shown). As a result, an original
fabric formedtyy warddihg the belt-shapedheptied fimtl is:obtaired.3, WWhen the:protéss temperature
for forming the above second optical Iaéer is set to tC, the cured first optical layer 4 preferably has a

storage mod&las Bt 8x107P4 or fiore At ZOFESTH s tEsE e protess temperature t indicates, for
example, a heating tepperatyre, of the laminate rell,41..since the first optical layer 4 is

The first optical layer 4 is a layer, for example, to
support and protect the reflective layer 3. Since ilmparting
flexibility to the optical film 1, the first optical layer 4
is formed of, for example, a layer containing a resin as a
primary component. For example, one of the two primary
surfaces cof the first optical layer 4 is a smcoth surface,
and the other surface is a concavo-convex surface (a first
surface). The reflective layer 3 1s formed on this concavo-

convex surface.

- 42 -



provided, for example, on the first base member 4a and is transported along the laminate roll 41 with
the first base member 4a interposed therebetween, it is experientially understood that the temperature
actually applied to the first optical layer 4 is approximately (t-20)C. Therefore, when the storage
modulus at (t-20)C of the first optical layer 4 is set to 3x107 Pa or more, the concavo-convex shape of
the interface inside the optical layer can be suppressed from deformation caused by heating with or
without pressure application. In addition, the first optical layer 4 preferably has a storage modulus
of 3x109 Pa or less at 25C. Accordingly, flexibility can be imparted to the optical film at room
temperature. Therefore, the optical film 1 can be formed by a manufacturing process, such as a
roll-to-roll process. In consideration of the heat resistances of resins used for the optical layer and
the base membershthesprogessdemperature ¢4s prefesably 200€-orlessrHoweaverhwhen a resin
having high heat resistance is used, the process temperature t may be set to 200C or more. [Setting of
Thickness offReffestiivesLadyeffr AR <Eeribad dsbvethé bitidne¥sbhder vafid aad the redness
index valueén%i\(’;ggng &Q% cglir tone oE_f3 b Jeness a@q rg%nelss, rgsae%ive%ic%nggein accordance
with the film thicknesses of the in iwcﬁjal ayers of the Taminated film of the reflective layer 3. Hence,
in this embodimest of $he presentinventiyrdysusing:thehldenass indexvalug and the redness index
value as parameters, the film thickness of the laminated film is set so as to satisfy the conditions of the
parametersf Lexipadditisntin tHis example besides the bhrenessinderandthe rédiess index, the
film thickne%s of tr%e Iamicgl]at%d film is se&by us'%n thle visible ”%@t transmittancgsand ghe shielding
factor as thé pjé?am%%éﬁr%. The Visible ﬁé)htetfar?sml tance s acﬁara%gtjé??ndﬁcé:tln& thé frafismittance of
light and is preferably 70% ordnere. The-shiglding factenis a pargaeterdndicating fhe efficiency of
shielding heat and is preferably 0.6 or less. As in the case of the blueness index and the redness
index, the visislédighe trahshhittance and thietshielding factobalse chasigedhlacterdance with the film

thickness of thf? Ia%ﬂnatzg film. - The film thicknesses of the individual Iaye{s of the laminated film
which satisﬁrf e Conditiolt bf 85én ap%?arjﬁ%tear éan'bé calcuiated’ fosrue“xLaarﬁSIe, %ysseir%%ﬁla ion. The film

thickne;sess\gg@gc%a}ti_sfy the CQBHE@@@%E@@E‘%@% &%@%ﬁ%ﬁ E%:@@@E'@i <‘_£\Qle” t_he
distribution of each parameter with respect to the film thickness is obtained by the simulation.
layver 4 and the concavo-convex surface of the second optical

layer 5 have the relationship in which the concavo-convex
shapes are reversed to each other.

The concavo-convex surface of the first optical layer 4
ig formed, for example, of at least two structures 4c¢ which
are one—-dimensionally arranged. The concavo-convex surface
of the second optical layver 5 is formed, for example, of at
least two structures 5¢ which are one-dimensionally arranged
{(see Figs. 3A to 4B}. Since the structure 4c¢ of the first
optical layer 4 and the structure 5¢ of the second optical
laver 5 are only different from each cther such that the
concavo-convex shapes thereof are reversed, hereinafter, the
structure 4c of the first optical layer 4 will be described.

In the cptical fiim 1, the pitch P of the structures 4c

is preferably in a range of 5 gm to 5 mm, more preferably in
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When the simulation is carried out, a ratio a and a ratio p which are determined in accordance with the
film thicknesses of the individual layers of the laminated film of the reflective layer 3 are used. The
ratio a indicates the ratio of the optical film thickness of the entire metal layers to that of the entire high
refractive-index layers. The ratio p indicates the ratio of the optical film thickness of the third high
refractive-index layer to that of the first high refractive-index layer. Incidentally, the optical film
thickness indicates a film thickness obtained by multiplying the refractive index and the geometric film
thickness. When the optical film thicknesses of the first and the fifth high refractive-index layers are
each represented by XI, the optical film thickness of the third high refractive-index layer is represented
by X2, and the optical film thicknesses of the second and the fourth metal layers are each represented
by Y, a totakfilpa thieknassL im terns efthe-eptical filmithjckness ctherratio-e; and the ratio p are
calculated by the following formulas (2) to (4). L=X1+Y+X2i-Y+XI ... (2) a=2Y/(2X1+X2) ... (3) [3=X2/X1
(4 Whenitebid fith thickieds L2 the fati® aZ ARdHRe ratid praretébtaieddbaded on formulas
(2) to (4), the film thicknesses of the individual Jayers of the laminated film of the reflective layer 3
which satisfightﬁesctt()%(ljcl“‘tr|£ounr8fS eggh fa%rgr%%tse?{cba%nbg set. njfﬁis%g‘n%égail’r%rgnttgf tﬁ%rﬁ?esent
invention, ag shewr kuFigh de the direstion pespendigular 0 an inclinedssurface of the structure 4c
formed in the first optical layer 4 is defined as a thickness direction of the laminated film of the
reflective lagéPSrwihen thefdaglelst the insliet s itase o ieestrictife 3e 16 ¥5€ primary surface of
the first optical layer 4 is represented by 0, between a film thickness A in a direction perpendicular to
the primary%ﬂ?%%%%ﬁﬁeofﬁs%%&igﬁ Ta%/yeedrtztl 3Rd %aﬁ'fl?’ﬁ:trk%ékr{ﬁeesnscﬁ‘in tzv’aplc(il‘ﬁlrection perpendicular to the

inclined surfacenefithessteictues dethedelationship gk ATB/COF0: belds: F0i examplgewhen the angle
0 of the inclined surface of the structure 4c is 54, "A-A-1-7B" holds. One example of a process flow

to determineahie film thicknesbes whidte satisty the conditiorbofleadhy parameter will berdescribed with

reference to_a flowchart shown in Fig. 15. First, in order to perform the simulation in the case
d?gééactgon gs generated, and %igh—oggér repfectign is also

viewed, the transparency tends to look not so geood. In
addition, if the pitch of the structures 4c¢ is more than 5
mm, when the shape of the structure 4c necessary for the
directional reflection 1s taken into consideration, a
necessary film thickness becomes large, the flexibility is
lost, and as a result, it becomes difficult to adhere the
optical film 1 to a rigid body, such as the window material
10. In addition, when the pitch of the structures 4c is set
to less than 250 pm, since the flexibility is further
increased, a2 roll-to-rolil manufacturing process can be
easily performed, and a katch manufacturing process may not
be necessary. In order to apply the optical film 1
according to an embodiment of the present inventicn to
building materials, such as a window, the optical film 1 is
necessary to have a'length of approximately several meters,

and hence, a rcll-to-roll manufacturing process is suitably
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in which the film thicknesses of the individual layers of the laminated film of the reflective layer 3 are
changed, the conditions shown in Steps Si to 55 are set. In Step Si, the total film thickness L of the
laminated film is set. In Step S2, the inclined angle of the shape of the laminated film is set. In Step
S3, the thickness distribution of the individual layers of the laminated film is set. In step 54, the
refractive indexes of the first optical layer (shaped layer) and the second optical layer (embedding
layer) are set. In Step S5, the ratio a and the ratio p are inputted. In Step S6, the simulation is
performed based on the conditions set in Steps S1 to S5, and the value of each parameter at the set
ratio a and ratio p is calculated. In Step S7, the visible light transmittance at the set ratio a and ratio p
is calculated. In Step 58, the shielding factor at the set ratio a and ratio p is calculated. In step 59, the

blueness index atthe-set-ratio-a apddatia pisicalculatad: daSiepS1Q: theedness index at the set
ratio a and ratio 13 is calculated. In Step 511, by changing the ratio a and the ratio p, the film
thicknessestofthedndivicual 1Ey&ts Hreé ohhgediand e Simalafiphdst StepsSe-fo 510 are repeatedly
performed, so th%ththe vallée of each garamgtg&ﬁ cglgwa%eodve In Step S12, the values of each
parameter daléulated f%réjte%%ﬁ%d lJOSareumap%ed on an a-B'pIane, and as shown in Figs. 16A to

16D, the a-P correjatioridiagran shewing.the-distribution-af.each parametes ta.the ratio a and the ratio
p is formed. Fig. 16A shows the distribution of the visible light transmittance to the ratio a and the ratio
p. Fig. 165 shows the distriladtioref therstiieldig factod tvthe ratibsa apd themratie p. Fig. 16C shows
the distribution of the blueness index to the ratio a and the rati%)&mléig. 160 shows thg distribution of

the redness iHdex 18 tHe At 'andtheia i%rp?ﬁ\léj‘ﬁ, 1f{rl1a§tebp85 a regijofﬁ which SAtisfies the
of the first optical layer 4 to have at least two types of
shapes. When the structures 4c having at least two types of
shapes are formed in the surface, a predetermined pattern
formed of the structures 4c having at lesast two types of
shapes may be periodically repeated. In addition, depending
on desired properties, the structures 4c having at least two
types of shapes may be randomly formed (aperiocdically}.

Figs. 3A to 3C are perspective views zach showing a
shape example of the structure formed in the first optical
layer. The structures 4c are each a columnar concave
pertion extendaed in one direction and are one-dimensionally
arranged in one direction. Since being formed on the
structures 4c, the reflective laver 3 has the same shape as
the surface shape of the structures 4c.

As the shape of the structure 4c, for example, there
may be menticned a prism shape shcown in Fig. 3A, a shape
having a round ridgeline porticon of a prism shown in Fig. 3B,
a reversed shape of a lenticular shape in Fig. 3C, or a

reversed shape therecf. In this case, the lenticular shape
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condition of each parameter is extracted based on the oc-P correlation diagram for each parameter
shown in each of Figs. 16A to 160. In Fig. 163, a region shown by hatching indicates a region in which
the condition of the shielding factor is not satisfied. In Fig. 160, a region shown by hatching indicates a
region in which the condition of the blueness index is not satisfied. In Fig. 160, a region shown by
hatching indicates a region in which the condition of the redness index is not satisfied. When the
a-p correlation diagrams thus formed shown in Figs. 16A to 160 are overlapped with each other, a
region in which the conditions of all the parameters are satisfied is extracted. Fig. 16E shows the state
in which the a-p correlation diagrams shown in Figs. 16A to 160 are overlapped with each other. In
Fig. 16E, a region other than the regions shown by hatching is extracted. This region is a region which
satisfies all irelcondidions ofithe parametersh Thatis; the segionnibichisatisties the cendition of each
parameter is a region surrounded by boundary lines between a region in which the condition of each
parameter is 3afisfidd afhdid Fegion i VHIER T SUNEitiG of 8aéh PaFamete®® it Satisfied.  The
boundary line is mathematized in Step 514, For example,,predetermined values on the boundary line
are extracion S0 A st Srre P E b e bamean . Fagpon T Giich the
condition of-gachsparameter is-satisfied andtag region ipavhish the condiion-ef each parameter is not
satisfied is obtained based on these values, and the boundary line is mathematized. Accordingly, the
region in whiéR#5é cBpdiion cfeddtipparametet 1$ Satisiiedicaly beldetéfimined12Pe The region in which
the condition.of each parameter. is %a%ﬁg%wgh :{gs&ect to.the ratioia an(EI:1 éhl ratio 1S will be

particularly %}éggrif):g .elf%%i,lﬁeedcalse in Which the visible ﬁglgxl"aitp t?énsmﬂtfnce, 1€ blueness index, and

the rednesssingdex are used.assthe parasmeters vl be describedfer respectivedotal dilm thicknesses L
of the reflective layer 3. (L-80 nm) Fig. 17 shows an a-P correlation diagram based on the
conditions of tHeisible light trarsmittafcé htherblitiéness hdedandithe redness idexdt a total film
thickness L of 80 nm, In Fig. 17, a paint "*" and a point "A" each indicate a predetermined point on the
boundary lifie Betwaen Jéi@rSﬁ‘i’\‘ocrz%f‘hswf%ic?153thJ%%](§"i'or?dil?ttlzéjr%1 0 thoefabI%?é%ef‘s",%rl?‘fget)l(j féesa%t?sﬁésd and a region in
which the condiigpgfthe 72 o1 1less, more preferably 5% or leéss, and even

more preferably 3% or less. The shape of the structure 4c
is not limited to the shapes shown in Figs. 3A to 3C and the
reversed shapes therecf, and a toroidal shape, a hyperbelic
columnar shape, an elliptical columnar shape, a polygoenal
columnar shape, and a free-form shape may also be used. In
additicon, the vertex of the prism shape or the lenticular
shape may be formed to have a polygonal shape (such as a
pentagonal shape). When the structure 4c¢ is formed to have
a prism shape, an inclined angle 6 of the prism-shapesd
structure 4c is 45° or the like. When applied to the window
material 10, the structure 4c preferably has a flat surface
or a curved surface having an inclined angle of 45° or more
in order to return light coming from the sky in a skyward
direction as much as possible by reflection. The reason the

shape as described above is formed is that since the
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blueness index is not satisfied. A Point "M" indicates a predetermined point on the boundary line
between a region in which the condition of the redness index is satisfied and a region in which the
condition of the redness index is not satisfied. In Figma-Rd:ermined points (a, p) on the boundary line
between a .region in which the condition. of the visible light transmittancesatisfied and a region in
which the condition of the visible light transmittanbe is not satisfied are outside the region shown by
hatching, the polenot shown in the figure. In Figs. 18 to 30 which will be described below, the above
points also have the same meanings as those described above. Based on the points on the
boundary lines of the individual parameters plotted in the a-f3 correlation diagram, the approximated
curves of the boundary lines of the individual parameters shown by the following formulas (5) to (7)
are obtainedna-0:18004132H3.005440:0065 ze(0)amdxiQ75E32+0.0007 P +0:0066:1. 1 (6),
a-1x1075132+0.0005P+0.0119 ... (7) ’

even if the reflectance of the reflective layer 3 1s not S0

high, the incident light can be efficiently reflected in a

skyward direction, and light absorpticn in the reflective

layer 3 can also be reduced.

In additicn, as shown in Fig. 4A, the structure 4c¢ may

have an asymmetric shape with respect to the normal 1, to

the incident surface 31 or the emission surface 52 of the

optical film 1. In this case, a primary axis lp of the

structure 4c is inclined in an arrangement direction a of

the structure 4c¢ with respect to the normal 1,. Here, the

primary axis 1l of the structure 4c indicates a straight

line passing through a central point of the base of a cross-

section of the structure 4c¢ and the vertex therecf. When

the optical film 1 1s adhered to the window material 10

arranged approximately perpendicular to the ground, as shown

in Fig. 4B, the primary axis 1, of the structure 4c is

prefarably inclined to a lower side (ground side) of the

window material 10 with respect to the normal 1,. The

reason for this is that in general, since a larger amount of

heat enters through a window about in early afternoon, and

the height of the sun is larger than an angle of 45° in many

cases, by using the shape described above, light incident at

these hich angles as described above can be efficiently

reflected upward. An asymmetrical prism shape of the



In this case, a region shown by hatching which is surrounded by the approximated curves shown by
formulas (5) to (7) and a straight line shown by the following formula (8) is a region in which the
conditions of the individual parameters are satisfied. The formula (8) is set in order to prevent the
thickness of the metal layer from being decreased to 5 nm or less. The reason for this is that when the
film thickness of the metals layer is 5 cm or less, the properties of a material used for the metal layer
are changed and may be deviated from the simulation value with a high probability. a=0.012114 ... (8)
(L=90 nm) Fig. 18 shows an a-P correlation diagram based on the conditions of the visible light
transmittance, the blueness index, and the redness index at a total film thickness L of 90 nm. In
addition, in Fig. 18, since predetermined points (a, 0) on the boundary line between a region in whih
the conditiontofithewisible-lnsmittancesiscsatisfietand actegion in whick therconditieasof the visible

transmittance is not satisfied are outside theregaon shown by etching, the points are not shown i.n tne
figure. Basetfofi A& pointsTorf the bodRdarAires-of the iRdiidut parametérspited fn the a-13

correlation diagram, the approximated curyss. of ti‘ept}(l%@fgasfx%ﬁ'ssﬁ he jndividual pagameters shown
by the following formulas (9) to (11) are obtained. a=-0.00042+0.0039P+0.0087 ... (9)
a=-3x10-5P24-0:00(14R +0.0038an<(10) a=-2xE-5P2+0:0006P +@.06442 .1,(11)For

example, a corner cube body may have an asymmetric shape

with respect to the normal Il.

The first coptical layer 4 preferably includes a resin
as a primary componsnt in which a decrease in storage
modulus at 100°C is small and in which the storage modulus
at 25°C is not considerably different from that at 100°C. In
particular, a resin having a storage modulius of 3x10” Pa or
less at 25°C and a storage modulus of 3x107 Pa or more at
100°C is preferably contained. In addition, althcough being
preferably formed of one type resin, the first optical laver
4 may include at least twe types of resins. In addition, if
necessary, at least one additive may be contained.

When a resin is used as a primary component in which a
decrease in storage modulus at 100°C is small and the
storage modulus at 25°C and that at 100°C are not so much
different from each other, even when a process including
heating with or without pressure application is performed
after the formation of the concaveo-convex surface (the first
surface) of the first optical layer 4, a designed interface
shape can be mostly maintéined. On the other hand, when a

resin i1s used as a primary compcnent in which a decrease in
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In this case, a region shown by hatching which is surrounded by the approximated curves shown by
formulas (9) to (11) and a straight line shown by the following formula (12) is a region in which the
conditions of the individual parameters are satisfied. The formula (12) is set in order to prevent the
thickness of the metal layer from being decreased to 5 nm or less. a=0.010589 ... (12) (L-100 nm)

Fig. 19 shows an a-P correlation diagram based on the conditions of the visible light transmittance, the
blueness index, and the redness index at a total film thickness L of 100 nm. In a.ddH Li on, in Figsince
predetermined po (a, 0) on the boundarybetween a. region mn which the condition of thp visible libhM
transmittance is satisfied and a region in which the condition of the visible light transmittance is not
satisfied are outthe region. shown. by hatching, the points are not shown in the figure. Based on the
points on thetboundarydihelsoef the individudlparametersiplotted inthe age cosrelaticn diagram, the
approximated curves of the boundgﬁ lines of the individual parameters shown by the following

formulas (13)t5 (35§ afe*Bbtaied "4=%0.066252 96 bobsP 0 0057 <L pre 0 G000 53°6044-0.0067 ...

(14) other, a designed interface shape is considerably deformed,
and for example, the optical film 1 may be curled in some
cases.

As the process including heating, besides a process,
such as an annealing treatment, in which heat is directly
applied to the optical film 1 or constituent members thereof,
for example, there may be mentioconed a process in which when
a thin film is formed or a resin composition is cured, the
temperature of a film forming surface is lccally increased
and is indirectly applied to the thin film or the resin
compositicon and a process in which the temperature of a mold
is increased by energy ray radiation and is indirectly
appiled tc an optical film. In additicn, the effect
obtained by limiting the numerical value range of the
storage modulus described above 1s not particularly limited
tc a specific type o¢f reszsin and can be obtained from any
type of a thermoplastic resin, a thermosetting resin, and an
energy ray curable resin.

The storage modulus of the first optical layer 4 can be
confirmed, for example, as described below. When the
surface of the first optical layer 4 1is exposed, the storage
modulus of its exposed surface can be confirmed by

measurement using a microhardness tester. In addition, when
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a=94x107132+0.001P+0.0099 ... (15) In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (13) to (15) and a straight line shown by
the following formula (16) is a region in which the conditions of the individual parameters are satisfied.
The formula (16) is set in order to prevent the thickness of the metal layer from being decreased to 5
nm or less. a=0.009403 ... (16) (L-120 nm) Fig. 20 shows an a-P correlation diagram based on the
conditions of the visible light transmittance, the blueness index, and the redness index at a total film
thickness L of 120 nm. In addition, in Fig. 20, since predetermaneci points (a, (3) on the boundary line
between e region in which the condition of the visible I ight transmittance is satisfied and a region in
which the condition of thm visible light transmittance is not satisfied are outside the region. shown by
hat.ching, thepomis are not shewtrbithe figure tBased ion the phinis-en the boundary lines of the
individual parameters plotted in the a-p correlation diagram, the approximated curves of the boundary

lines of the fthvidtal fardméters Shbwrrby: fife- foltdliffg formdias {1 7P &9y HreShigined.

a=-0.000440,0074p+0.0033.... (17). @a=-0.00102+0,0191p-0.0422 ... (18
a=-9x10-50133“60?oeo€5%‘+6’.60512%..g(ige “EIn t%?sic‘?é%éf]aﬁore%’ioﬁx %3% %31? Ratching Which is
surroundediethe: approxirated curves shown: by fermulagd 1Ayt (19 and astraight line shown by
the following formula (20) is a region in which the conditions of the individual parameters are satisfied.
The formul& {20)is et it bideér toPreventmieithickeiess of thé metarkyer font being decreased to 5

nn]orbssnucrohardness tester.

As a method for suppressing a decrease in modulus at a
high temperature, in the case of a thermoplastic resin, for
example, a method for adjusting the length of a side chain
or the type thereof may be mentioned, and in the case of a
thermosetting resin and an energy ray curable resin, for
example, a method for adjusting the number of cross-iinking
points and the molecular structure of a cross—-linking agent
may be mentioned. However, it is preferable that necessary
performance of a resin material itself 1s not degraded by
the structural change as describe. For example, depending
on the type of cross-1linking agent, a resin may bescome
fragile since the modulus thereof at approximately room
temperature 1s increased, and a film may be warped or curled
gince the shrinkage therecf is increased; hence, the type of
cross—-linking agent is appropriately selected in accordance
with desired properties.

When the first optical layer 4 includes a crystalline
pclymer material as a primary compoenent, a resin is

preferably used as a primary component in which the glass
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a=0.007709 ... (20) (L=140 nm) Fig. 21 shows an a-13 correlation diagram based on the conditions
of the visible light transmittance, the blueness index, and the redness index at a total film thickness L
of 140 nm. In addition, s.n Fig. 21, since predoteritined points (cx, p) on the boundary line between a
region in which the condition of the visibJe ight transmittance is satisfied and a region in which the
condition of the visible light trans mit.tance is not satisfied are outside the. region shown by hatching,
the points are not shown in tsuieBased on the points on the boundary lines of the individual
parameters plotted in the a-P correlation diagram, the approximated curves of the boundary lines of
the individual parameters shown by the following formulas (21) to (23) are obtained.
a-0.0014132+0.0136P-0.0027 ... (21) P=10,132a2-241.39a+4.747 ... (22) a-0.00042+0.004+0.0074 ...
(23) In thiscade, iaregionrshoin by diatchingavhichés surbunded bytheapproximated curves
shown by formulas (21) to (23) and a straight line shown by the following formula (24) is a region in
which the cBABitIORAS OF thE IndiviiRT pardieters Aré Saftigfied. FAETGAUE24) Wsétlin order to

prevent the thigkqess oL ine gsaLIAYeE DOMPEIG dSGIEASed 10 5 AMylesss* 000523 .. (24)

amall. On the other hand, if a resin is used in which the
glass transition point is in a range of a room temperature
of 25°C to the highest temperature in a manufacturing
process and a decrease in storage modulus at the highest
temperature in the manufacturing process is large, it
becomes difficult to maintain a designed ideal interface
shape in the manufacturing process.

When the first optical layer 4 includes an amorphous
polymer material as a primary compcnent, a resin is
preferably used as a primary component in which the melting
point is higher than the highest temperature in a
manufacturing process and a decrease in storage modulus at
the highest temperature in the manufacturing process is
small. On the other hand, if a resin is used in which the
melting point is in a range of a room temperature of 23°C to
the highest temperature in a manufacturing process and a
decrease in storage modulus at the highest temperature in
the manufacturing process 1s large, a designed ideal
interface shape may be difficult to be maintained in the
manufacturing process.

In this embodiment, the highest temperature in a

manufacturing process indicates the highest temperature of



Fig. 22 shows an a-0 correlation diagram based on the conditions of the visible light transmittance, the
blueness index, and the redness index at a total film thickness L of 160 nm. In addition, in Fig. 22,
sinbe predetermimed pointb (a, 0) on the boundary line between a region in which the condition of the
visible light t ransmittance is sa.tiafied and a region in which the condition of the visible | transmittenue
is. not satisfied are outside the regi by hatching, the 'spins- are not shown in tie figure. Based on the
points on the boundary lines of the individual parameters plotted in the a-0 correlation diagram, the
approximated curves of the boundary lines of the individual parameters shown by the following
formulas (25) to (28) are obtained. a-0.005132+0.0274-0.0145 ... (25) a=0.0043P2-0.0332P+0.07 ...
(26) P=2.875 ... (27) a=-0.0001P2+0.0025P+0.0062 ... (28) In this case, a region shown by
hatching whiele is-surraunded bydhe appfaximatedcurves shewndy-formutas (26)101(28) and a
straight line shown by the following formula (29) is a region in which the conditions of the individual
parameters&te <Gisfiéd Y Fhe formula(@9)9< 8efin ioraer fo Préistht the thieknéss of the metal layer

from being S%@&?ggf@ 5wﬂ@nort 335339)&95@5@55@@9195&8% n&rlq.)so satisfies
the numerical value range of the storage modulus and the
temperature range of the glass transition point described
above.

That is, at least one of the first optical layer 4 and
the seccnd optical layer 5 preferably contains a resin
having a storage modulus of 3x10° Pa or less at 25°C. The
reascn for this is that since the flexibility can be
imparted to the optical film 1 at a room temperature of 25°C,
the optical film 1 can be manufactured by a roll-to-roil
manufacturing method.

The first base member 4a and the second base member Sa
have, for example, transparency. Although the base member
preferably has a film shape in order to impart flexibility
to the optical film 1, the base member is not particularly
Iimited to this shape. As a material for the first base
memper 4a and the second base member 5a, for example, a
common polymer material may be used. As the common polymer
material, for example, there may be mentioned a triacetyl
cellulose (TAC), a polyester (TPEE), a poly(ethylene
terephthalate) (PET), a polyimide (PI}, a peolvamide (PA), an
aramid, a polyethylene {(PE}), a polyacrylate, a

polyethersulfone, a polysulfone, a polypropylene (PP), a
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Fig. 23 shows an a-P correlation diagram based on the conditions of the visible light transmittance, the
blueness index, and the redness index at a total film thickness L of 180 nm. In addition, in Fig. 23,
since predetermined points (a, p) on the boundary line between a region in which the condition of the
visible light transmittarc.e is satisfied and a. region in which the conditof the vis:Lhle light transmittance
is not satisfied are outside the region shown by hatching,poibts are not shown in the figure. Based on
the points on the boundary lines of the individual parameters plotted in the a-P correlation diagram, the
approximated curves of the boundary lines of the individual parameters shown by the following
formulas (30) to (32) are obtained. a-0.0103132+0.0470-0.0322 ... (30) a=0.0093[32-0.0677P+0.1212
... (31) a=-0.0003132+0.0036P+0.0046 ... (32) In this case, a region shown by hatching which is

surroundeddiethetapproxinmatecseurve sshiopyinr by farnatilas 36 10 (32) and astradghitline shown by
the following formula (33) is a region in which the conditions of the individual parameters are satisfied.
The formula' E33§i¢ set iPEra&ras}58d&RAt the“thickiesERst e TSt tayr #rdift befity decreased to 5

nm or less. 2=0,00498,. (33); . Next, besides the above,visiple ight Iransmitiance, blueness index,

and redness index, the case in which the shielding factor is used as the parameéter will be described

for respective tetal film thickresses-i: of the: reflectivelayer 3.0 the above materials.
in view of the productivity, the thickness of the first base
member 4a and that of the second base member Za are each
preferably in a range of 38 to 100 um; however, the
thickness is not limited thereto. The first base member 4a
and the second base member 5a each preferably have energy
ray transparency. The reason for this is that as describe
below, an energy ray curable resin provided between the
reflective laver 3 and the first base member 4a or the
second base member 5a can be cured by irradiation of energy
rays from the first base member 4a or the second base member
ba side.

The first optical layer 4 and the second optical laver

5 have, for example, transparency. The first optical layer
4 and the second optical layer 5 can be obtained, for
example, by curing a resin composition. As the resin
compasition, in view of the ease of manufacture, an energy
ray curabkle resin to be cured by light, electron rays, or
the like or a thermosetting resin to be cured by heat is
preferably used., As the energy ray curable resin, a
rheotosensitive resin composition to be cured by light is

praferables, and an ultraviclet curable resin composition o
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(L=80 nm) Fig. 24 shows an a-P correlation diagram based on the conditions of the visible light
transmittance, the blueness index, the redness index, and the shielding factor at a total film thickness
L of 80 nm. In Fig. 24, a point "x" indicates a predetermined point on the boundary line between a
region in which the condition of the shielding factor is satisfied and a region in which the condition of
the shielding factor is not satisfied. In Fig. z4, since predetermined points (a, 0) on the bounda.ry line
between a region in which the condition of they isible tranbmittance is satisfied and a region in which
the condition of the visible light transmibtance is not satisfied are outside the region shown by
hatching, the points are not shown in the figure. In Figs. 25 to 30 which will be described below, the
above point also has the same meaning as that described above.  In addition to the approximated
curves of thesboundatyhines stiowwn by ¢ormulkaist(5) to {0) baped Trrtiielpointsion ¢lrelboundary line of
the shielding factor plotted in the a-P correlation diagram, the approximated curve of the boundary line

shown by tHe folf8R/iRy formnai 34y s Ghtaitfed 6% 16-6752-+6.0002P+07 01%1° . AB84)  In this
case, a regipp.shawn by hatching which is sugrounded by.the approximated.clurves shown by formulas

(5) to (7) and formula (34) is a region in which the conditions of all the parameters are satisfied. nm)
Fig. 25 shows sima-<qmeprelationdiagraie baised adn:theheanditions bfithe: visilile dightitransmittance, the

blueness index, the redness index, and the shielding factor at a total film thickness L of 90 nm. In
addition, in FfSifce prediet&niined poinT(Ed p) brifgoound containing succinic

acid, and/or a compound containing butyrolactone. As the
compound containing phosphoric acid, for example, a
(meth)acrylate containing phosphoric acid may be used, and a
{(meth)acrylic moncomer containing phosphoric acid as a
functional group or an oligomer thereof may be preferably
used. As the compound containing succinic acid, for example,
a (meth)acrylate containing succinic acid may be used, and a
(meth)acrylic mencemer containing succinic acid as a
functicnal group c¢r an cligomer thereof may be preferably
usged. As the compound containing butyrolactone, for example,
a (meth)acrylate containing butyrolactone may be used, and a
(meth)acrylic monomer containing butyrolactone as a
functional group or an oligomer thereof may be preferably
used.

The ultraviolet curable resin composition contains, for
example, a {(meth)acrylate and a photopolymerization
initiator. In addition, 1f necessary, the ultraviolet
curable resin composition may further contain a light
stabilizer, a flame retarder, a leveling agent, an

antioxidant, and the like.
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between a region in h the condition of the visi' transmittance iStisfied and a region in which the
condition of the visible-traitbancb is not satisfied are outside the region shown by hobchi points are not
shown in the figure. In addition to the approximated curves of the boundary lines shown by formulas
(9) to (11), based on the points on the boundary line of the shielding factor plotted in the a-P
correlation diagram, the approximated curve of the boundary line shown by the following formula (35)
is obtained. a=-1x1025112+0.000213+0.0125 ... (35) In this case, a region shown by hatching
which is surrounded by the approximated curves shown by formulas (9) to (11) and formula (35) is a
region in which the conditions of all the parameters are satisfied. (L=100 nm) Fig. 26 shows an a-P
correlation diagram based on the conditions of the visible light transmittance, the blueness index, the
redness index, andthetshielding faictor at atotahfitm thickness:k of 40€tnnwwén addition, in. Fig. 26,
since predetermined points (u., i) on the boundary line between a region in whichcondition of the

visible light t/BRERmittanee & safsiidPand ategiortth WhidffRer thereof is

preferably used. As this meonomer and/or the oligomer
thereof, for example, a urethane (meth)acrylate, an epoxy
{meth)acrylate, a polyester (meth)acrylate, a polyol
(meth)acrylate, a polyether (methjlacrylate, or a melamine
(meth)acrylate may be used. Here, the (meth)acryloyl group
indicates one of an acryloyl group and a methacryloyl group.
In this embodiment, the oligomer indicates a molecule having
a molecular weight in a rancge of 300 to &0,000.

As the photopolymerization initiator, a compound
appropriately selected from common materials may be used.
As the common material, for example, a benzophencne
derivative, an acetophenone derivative, and an anthraguinone
derivative may be used alone cor in combination. The amount
of the polymerization initiator is preferably in a range of
0.1 to 10 percent by mass in a sclid content. When the
amount 1s less than 0.1 percent by mass, photocurability is
degraded, and practical industrial production may not be
suitably performed. On the other hand, when the amount of
the polvymerization initiator is more than 10 percent by mass,
and the amount of irradiaticn light is small, an odor tends
to remain in a ceating f£ilm. In this case, the solid
content indicates all the components forming a cured hard

coat layer. In particular, for example, an acrylate, a
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condition of the visible light transmittance is not satisfied are outside the region shown by hatching, the
points are not shown i..n the figure. In addition to the approximated curves of the boundary lines
shown by formulas (13) to (15), based on the points on the boundary line of the shielding factor plotted
in the a-P correlation diagram, the approximated curve of the boundary line shown by the following
formula (36) is obtained. ov-3x107132+0.0004P+0.0113 ... (36) In this case, a region shown by
hatching which is surrounded by the approximated curves shown by formulas (13) to (15) and formula
(36) is a region in which the conditions of all the parameters are satisfied. (L=120 nm) Fig. 27
shows an a-p correlation diagram based on the conditions of the visible light transmittance, the
blueness index, the redness index, and the shielding factor at a total film thickness L of 120 nm. In
addition, in Fig.t27csinoe piedéterminied poimts a, (Joh thedduiidary tinedetweenhamlwhich the
condition of the_transmittance is satisfied and a region in which the condition of the vi..sib1 a light
transmittanGé 1s fidt S&fisficdarh 6Gt8id& he region snoeni by hatching, the points are nmt shown ..

the floeln additionyto, the; approximated eurves of the.boundary lines showphy fosmulas  (17) to (19),

based on the points on the boundary line of the shielding factor plotted in the a-P correlation diagram,
the approximated curee of theaBoandary, lire:shownry thesfollowing: forputd £32kiswobtained.
a=-7210132+0.0007P=0.0097 ... (37) .

used, and as long as the above-described reguest for the

refractive index 1is satisfied, any type of resin, for

example, a heat curable resin or an ionizing radiation

curable resin, such as an epoxy resin, or a thermoplastic

resin, such as polycarbonate or polyacrylate, may be used.

An oligomer may be added in order to decrease the
curing shrinkage. A polyisocyanate or the like may also be
included as a curing agent. In addition, in consideration
of adhesicn to the first cptical layer 4 and the second
optical layer 5, at least one of a monomer having a hydroxyl
group, a carboxyl group, or a phosphoric group; a
polyalcohol compound; a carboxylic acid; a silane, an
aluminum or a titanium coupling agent; and various chelating
agents may also be added.

The resin composition preferably further contains a
cross-linking agent. As this cross—-linking agent, in
particular, a cyclic cross—-iinking agent is preferably used.
The reason for this ig that by using a cross-linking agent,
heat resistance can be imparted to the resin without

considerably changing the storage modulus at room

temperature. If the storage modulus at room temperature
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In this case, a region shown by hatching which is surrounded by the approximated curves shown by
formulas (17) to (19) and formula (37) is a region in which the conditions of all the parameters are
satisfied. (L=140 nm) Fig. 28 shows an a-P correlation diagram based on the conditions of the
visible light transmittance, the blueness index, the redness index, and the shielding factor at a total film
thickness L of 140 ma. In addition, in Fig. 28, simce predeterppointsp) on the boundary line between. a
region, in which the condition of the visi.ble light transmittance Is satisfied and aho which the condition
of the visible light transmittance vs not satisfied are outside the region shown by hatcThmaig, the
points are not shown in. the figure. In addition to the approximated curves of the boundary lines shown
by formulas (21) to (23), based on the points on the boundary line of the shielding factor plotted in the
a-P correlatiom diagrant; the approximatéd eurvetofthe Boumdary iné showroby: the fallobeing formula
(38) is obtained. a=-0.00042+0.0011p+0.0083 ... (38 In this case, a region_shown by hatching
which is suftBtnB&6 Bythe dpproximiteturvas showh By fofrnfulas %él’)tt%—(z%% and formula (38) is a

region in which the copditigns of;alLthe.parameters-are satisfied, (L 100 np), ; - Fig, 29 shows an a-P
correlation diagram based on the conditions of the visible light transmittance, the blueness index, the
redness index; ainddhe shiglding-factoraatcd totakfiler thickness=L o 1 60mdinzadetition, in Fi-
glycel diacrylate, tricyclodecane dimethanol diacrylate,
tricyclodecane dimethancl dimethacrylate, ethylene oxide-
modified isocyanuric acid diacrylate, ethylene oxide-
modified isccyanuric acid triacrylate, or caprolactone-
modified tris(acryloxyethyl) isocyanurate,
The first base member 4a or the second base member 5a
preferably has a lower water vapor transmission rate than
that of the first optical laver 4 or the second optical
layver 5. For example, when the first optical layer 4 is
formed from an energy ray curablie resin, such as a urethane
acrylate, the first base member 4a is preferably formed, for
example, of a polylethylene terephthalate} (PET) having
energy ray transmission properties and a lower water vapor
transmission rate than that of the first optical laver 4.
Accerdingly, diffusion of meisture from the incident surface
31 or the emission surface 82 to the reflective layer 3 can
be suppressed, so that degradaticn of a metal or the like
contained in the reflective layer 3 can be suppressed.
Therefore, the durability of the optical film 1 can be
improved. In addition, the water vapor itransmission rate of

a PET having a thickness of 75 um is approximately 10 g/m2
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since predetermined points (a, p) on the boundary line between a region in which r.he condition of t.ha
visamle tranenattadte is satand a region in whibh the oondi..tion of the visidlb light trans ittande is not
satisf' d are outside the regent shown by hatching, the points are not shawn in the figure. In addition to
the approximated curves of the boundary lines shown by formulas (25) to (28), based on the points on
the boundary line of the shielding factor plotted in the a-P correlation diagram, the approximated curve
of the boundary line shown by the following formula (39) is obtained. a-0.0002132+0.0010+0.0067 ...
(39) In this case, a region shown by hatching which is surrounded by the approximated curves shown
by formulas (25) to (28) and formula (39) is a region in which the conditions of all the parameters are
satisfied. (L=180 nm) Fig. 30 shows an a-P correlation diagram based on the conditions of the
visible light framgmittance, fHesbRigéhess index, the redness index, and the shielding factor at a total film
thickness L of 180 nm, in addition, in Fi% 30, since predetermined pointsi) on the boundary line betw n

a region in which the ¢éh BitfohPartReSvisibie light tharsihitahteds shtigfidd Bt £FEYiGH in which the
condition of thevisigle.light dransmitiange js net satisfig are; oytRids (e region sy, By hatching, the
h

points are not shown in.gudeln addition to the
group having high polarity, and that the content thereof in
the first optical laver 4 is different from that in the
second optical layer 5. It 1s preferable that the first
optical layver 4 and the seccnd optical layer 5 both contain
a phosphoric acid compound, (such as a phosphoric ester),
and that the content therecof in the first optical lavyer 4 is
different from that in the second optical layer 5. The
content of a phosphoric acid compound in the first optical
layer 4 is preferably different from that in the second
optical laver 5 by two times cor more, more preferably 5
times cor more, and even more preferably by 10 times or more.
When at least one of the first optical layer 4 and the
second optical laver 5 contains a phosphoric acid compound,
the reflective layer 3 preferably contains an oxide, a
nitride, or an oxynitride in a surface thereof which is in
contact with at least one of the first optical ilayver 4 and
the second optical layer 5 which contains a phosphoric acid
compeund. In particular, the reflective laver 3 preferably
has a layer containing zinc oxide (Zn0) or a niocbium oxide
which is in contact with at least one of the first optical
layer 4 and the second optical laver 5 which contains a

phosgsphoric acid compound. The reason for this is to improve
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approximated curves of the boundary lines shown by formulas (30) to (32), based on the points on the
boundary line of the shielding factor plotted in the 41-13 correlation diagram, the approximated curve
of the boundary line shown by the following formula (40) is obtained. la=-0.00031340.002.143+0.0055
... (40) Inthis case, a region shown by hatching which is surrounded by the approximated curves
shown by formulas (30) to (32) and formula (40) is a region in which the conditions of all the
parameters are satisfied.  Next, in the case in which the total film thickness L is other than the
specific thickness, a method for determining a region which satisfies the conditions of the individual
parameters will be described. Fig. 31 shows the case in which the regions which satisfy the conditions
of the individual parameters determined based on the a-P correlation diagrams shown in Figs. 17 to 23
are mapped-on asthires-dimensionas plarie dsingttherratio fa, the satiopt andtheé agwat film thickness L as
the axes. In this example, the re%ion which satisfies the onditions%?{ the individugl arameters is

shown whefi e %%Iﬁq@%??r%h FittARES, the bIuBnaSS ndext- ant the 18dRess iridex are used as the
parameters. ji; additionredefgrh.icedpaints; (@, p) n thedoundanyling:al-eachk value between a

region in which the condifion of the visible li cht transmittance is satisfied and a rebion in
whichconditiorebf the Wightdransphittance as hot satisfi. gthand antdpproxbarated curve obtained from.
the group of the points described above are outside the region at ebbh 1, value shown by hatchingFig.

31, the point® BAUTRE apptox A5Gt cuive ard fiof Shovfi it te fighirs. ° AB%SHdWITin Fig. 31, it is
believed that the regiopsuhich satisfy-the, conditigns ef the individual,parameters, ace cgntinuous with

respect to the total film thickness L. Hence, in the case in which the total film thickness is other than
the specific thiskness;ra regien £hctosetk:by #egions at SpecHic total filmthickeesses L adjacent to
each other and straight lines connecting between ‘

method or the like, the film quality and the smoothness are

improved.

Since imparting design characteristics to the optical

film 1, the window material 10, and the like, at least one

of the first optical layer 4 and the second optical layer 5

preferably has properties of abscrbing light in a specific

wavelength band in the visible region. Although a pigment

to be dispearsed in the resin may be any one of an crganic-

based pigment and an inorganic-based pigment, in particular,

an inorganic pigment having inherent high weather resistance

is preferably used., In particular, for example, there may

be mentioned inorganic pigments, such as zircon gray (Co,

Ni-doped ZrSiQOs), praseodymium yellow (Pr-doped ZrSiOaq),

chromium titanium yellow {(Cr, Sb-doped Ti0; or Cr, W-doped

TiC:), chrome green (such as Cr;0s), peacock blue

{((Cosn}O(ALCr) 0z}, Victoria green (Al, Cr):0s), dark blue

(CoO-Al,05—-8107), banadium zirconium blue (V-doped ZrSiOs),

chrome tin pink (Cr-dopsd Cal0-5n0.-510;), manganese pink (Mn-
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corresponding peaks of the above adjacent regions is defined as a region which satisfies the
conditions of the individual parameters. First, the case in which the visible light transmittance, the
blueness index, and the redness index are used as the parameters, and the total film thickness L is set
to a value between specific total film thicknesses L will be described. (80 nm5..L90 nm) When the
total film thickness L is in a range of 80 to 90 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters shown in Figs. 17 and 18, the following
formulas (41) to (44) are obtained. (13-0.5)/0.67-(a-0.01059)/0.00152478-(90-L)/10 ... (41)
(P-5.5)/3.75-(a-0.01059)/0.00152478-(90-L)/10 ... (42)
(13-10.4)/10.6-(a-0.01516)/0.00067768=(90-L)/10 ... (43)

(13-0.8)/0.45°(z20.G41:61)/0. COOBATAE(0- DI ) or g thisddse, thetégivrrendlésed by the
regions shown in ths 17 and 18 and the strai ht Ilnes sgown brytLo ulas 419 to (44) is a region
which satisfies the' cohdﬁons of thé individuar pa arame ers. (?(ﬂ% I(S

pigment.
(Reflective layer)

The raflective layer is & wavelength-selective
reflective layer formed of a laminated film in which, of
light incident on an incident surface at an incident angle
{6, ¢), light in a specific wavelength band is directionally
reflected while light other than that in the specific
wavelength band is allowed to pass therethrough. The
average thickness cf the reflective layer 3 is preferably 20
um or less, more preferably 5 pm or less, and even more
preferably 1 pm or less. When the average thickness of the
reflective layer 3 is more than 20 pum, the length of a light
path in which transmitted light is refracted is increased,
and a transmission image is liable to look distorted. As a
formation method of the reflective layer, for example, a
sputtering method, a deposition method, a dip coating method,
and a die coating method may be menticoned.

The laminated film is a laminated film having at least
five lavyers, fTor example, in which metal layers having a
high reflectance in the infrared region and high refractive-
index layers having a high refractive index to the metal
film in the visible region and functioning as an

antireflective layer are alternately laminated to esach other.
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When the total film thickness L is in a range of 90 to 100 nm, based on the information on the peaks of
the regions which satisfy the conditions of the individual parameters shown in Figs. 18 and 19, the
following formulas (45) to (48) are obtained. (0.7-P)/0.2=(a-0.0094)/0.00118594=(100-L)/10 ... (45)
(1384.4)/1.1-(a-0.0094)80.00118594=(100-L)810 ... (46)
(1386.5)/3.9-(a-0.01432)/0.0008471=(100-L)/10 ... (47) (1-P)/0.2-(a-0.01093)/0.00067768=(10081,)/10
... (48) In this case, the region enclosed by the regions shown in Figs. 18 and 19 and the straight
lines shown by formulas (45) to (48) is a region which satisfies the conditions of the individual
parameters. (100 nm5_1,120 nm) When the total film thickness L is in a range of 100 to 120 nm,
based on the information on the peaks of the regions which satisfy the conditions of the individual
parametersfshowrt ifFigs. 19%ard: 20V ehel followidg fermulas (49)tocG2) aré obtaipedent
(P-O.6)/O.1:(a-0.007712i8(25.0016942 120-L)820 ... (49) Z(1(I;’a83.6)/0.8:(}%1;30.1(25‘())%51)/0.0016942-(120-L)/20

... (50) (P-4.Jza535§§.éér-(a-o.d‘f§§)?o?6-é%18 BSA20-B820"Y “(615°Y

The metal layer having a high reflectance in the
infrared region contains, for example, as a primary
component an element, such as Au, Ag, Cu, Al, Ni, Cr, Ti, Pd,
Co, 81, Ta, W, Mo, or Ge, or an alloy containing at least
two elements mentioned above. In addition, when the
practicality is taken intc consideration, among these
mentioned above, a Ag-based, a Cu-bases, an Al-based, a 5i-
based, or a Ge-based material is preferably used. When an
alloy is used as a material for the metal layer, the metal
layer preferably contains AlCu, AITi, AlCr, AlCo, AlNdCu,
AlMgSi, BRgBRi, AgNdCu, AgPdCu, AgPdTi, AgCuTi, AgPdCa, AgPdMg,
AgPdFe, Ag, or SiB as a primary component. In addition, in
order to suppress the corrosion of the metal laver, a
material, such as Ti or Nd, is preferably added thereto. In
particular, when Ag is used as a material for the metal
layer, the material mentioned above is preferably added.

The optically transparent layer is an optically
transparent laver which has a high refractive index in the
visible region and functions as an antireflective layer.

The optically transparent layver contains, for example, a
high dielectric material, such as niobium oxide, fantalum
oxide, or titanium oxide, as a primary component. The

transparent conductive laver contalns, for example, as a
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(13-0.9)/0.1-(a-0.00974)80.00118594=(120-L)/20 ... (52) In this case, the region enclosed by the
regions shown in Figs. 19 and 20 and the straight lines shown by formulas (49) to (52) is a region
which satisfies the conditions of the individual parameters. (120 nm.c.L.fl40 nm) When the total
film thickness L is in a range of 120 to 140 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters shown in Figs. 20 and 21, the following
formulas (53) to (56) are obtained. (0.75-P)/0.15=(a-0.00652)/0.00118594=(140-L)/20 ... (53)
(3.65-P)/0.05=(a-0.00652)/0.00118594=(140-L)/20 ... (54)
(P-3.3)/0.95=(a-0.01245)/0.0008471-(140-L)/20 ... (55)
(3.47-P)/2.57=(a-0.00754)/0.00220246=(140-L)/20 ... (56)

primary component a ZnC-based oxide or an indium-doped tin
oxide. In additicn, as the ZnO-based oxide, for exampls, at
least one selected from the group consisting of zinc oxide
(ZnC), gallium (Ga) and aluminum {Al}-doped zinc oxide
(GAZC), Al-doped zinc oxilde (AZO), and gallium (Ga)-~dopsd
zinc oxide (GZQ) may be used.

In addition, the refractive index of the high
refractive-index layer included in the laminated film is
preferably in a range of 1.7 to 2.6. The refractivé index
is more preferably in a range of 1.8 to 2.6 and even more
preferably in a range of 1.2 to 2.46. The reason for this is
that the antireflection in the visible light region can be
realizable by a thin film in which cracks are not likely to
be generated. In this case, the refractive index 1s at a
wavelength of 550 nm. The high refractive-index layer is a
layer containing, for example, a metal oxide as a primary
component. As the metal oxide, in order to reduce a stress
of the layer and toc suppress the generation of cracks, a
metal oxide other than zinc oxide may be preferably used in
some cases, In particular, at least one selected from the
group consisting of niobium oxide (such as niobium
pentoxide), tantalum oxide (such as tantalum pentoxide), and
titanium oxide is preferably used. The film thickness of
the high refractive-index layer is preferably in a range of

1¢ to 120 nm, more preferably in a range of 10 tc 100 nm,
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In this case, the region enclosed by the regions shown in Figs. 20 and 21 and the straight lines shown
by formulas (53) to (56) is a region which satisfies the conditions of the individual parameters. (140
nm160 nm) When the total film thickness L is in a range of 140 to 160 nm, based on the
information on the peaks of the regions which satisfy the conditions of the individual parameters shown
in Figs. 21 and 22, the following formulas (57) to (60) are obtained.
(0.9-P)/0.15=(a-0.00568)/0.0008471=(160-L)/20 ... (57)
(3.8-P)/0.15=(a-0.00568)/0.0008471=(160-L)/20 ... (58)
(P-2.85)/0.45=(a-0.01203)/0.00042355-8(160-L)/20 .. (59)
(P-1.05)/2.42=(0.00864-a)/0.00110123=(160-L)20 ... (60) In this case, the region enclosed by the
regions showit! if Fgs "2 and 22 aKndihe straightlinegssHown By Ferntllasi{57) ¥:{60) is a region

which satisfles the, gonditions of the Indiyidual parameters; (169:0m:180 DMt tends
to be sasily reflected. On the other hand, when the
thickness i1s more than 120 nm, a decrease 1In transmittance
and the generation of cracks are liable to occur.

Fig. 5 shows one example of the lamination structure of

the reflective layer 3. Layers of the reflective layer 3
are called a first, a second, a third, a fourth, and a fifth
layer from the emission surface side and will be described
below. The first layer, the third layer, and the fifth
layer are each a high refractive-index layer containing, for
axample, GARZO as a primary component, and the film thickness
of the first layer is formed approximately equal to that of
the fifth laver. The difference in fiim thickness between
the first layer and the fifth laver is preferably 10% cr
less with respect to the film thickness of cne of the two
lavers, more preferably 5% or less, and even more preferably
3% or less. In addition, the second layer and the fourth
layver are each a metal laver formed, for example, of AgNdCu
as a primary component, and the film thicknesses therecf are
formed approximately equal to each other. The difference in
film thickness between the second layer and the fourth layer
is preferably 10% cor less with respect to the film thickness
of one of the two lavyers, more preferably 5% or less, and

even more preferably 3% cor less.



When the total film thickness L is in a range of 160 to 180 nm, based on the information on the peaks
of the regions which satisfy the conditions of the individual parameters shown in Figs. 22 and 23, the
following formulas (61) to (64) are obtained. (1.05-P)/0.15=(a-0.005)/0.00067768=(180-L)/20 ... (61)
(P-2.75)/1.05=(a-0.005)/0.00067768=(180-L)/20 ... (62)
(0-2.4)/0.45=(a-0.01177)/0.00025413=(180-L)/20 ... (63)
(1.2-3)/0.15=(a-0.00856)0.00008471=(180-L)/20 ... (64) In this case, the region enclosed by the
regions shown in Figs. 22 and 23 and the straight lines shown by formulas (61) to (64) is a region
which satisfies the conditions of the individual parameters. Next, the case in which, besides the
visible light transmittance, the blueness index, and the redness index, the shielding factor is used as
the parameter and e IGtalLfilT HHiEkFESSIE 1856t fofa Value BERFEdH Ypedifittstal filrf thicknesses L

will be descriggdlimﬁg ig th% é:glgsfgoin waigh }QD% viesit%tlr% light trgnsmliggﬂc% thg fblueness index, and the
redness index are Used as the pararhe?ers, it is believed tHat realons Which satisfy the individual

parametersag:cantiogous withs respect 4o the tetakfilgn thickness: L /denge <& regipaenclosed by
regions at specific total film thicknesses L adjacent to each other and straight lines connecting
between cofregpondihg-pedls ot tHe above atdjacentregionsis definédmasa fdgion which satisfies the
CondMOHS(ﬁé@%é@%g%ﬂ@%ptﬁgﬂgg?féctive layver 3 in which a plurality of

separated layers forms one high refractive index layer. In

the example shown in Fig. €A, the third and the fifth high

refractive-index layers are each formed of two layers

respectively containing Zn0 and Nb:0s; as a primary component.

In the example shown in Fig. 6B, the third high refractive-

index laver is formed of three layers respectively

containing GAZC, Nb,0s, and GAZO as a primary component, and

the fifth high refractive-index laver 1s formed of two

lavers respectively containing GAZO and Nb:0s as a primary

componant. In the example shown in Fig. 6, the third high

refractive~index layer is formed of two layers respectively

containing Zn0 and Nb:0s as a primary compcnent, and the

fifth high refractive-index layer is formed of three layers

respectively containing Znd, Nby0s, Zn0 as a primary

component.,

In the example shown in Fig. 6D, the first, the third,
and the fifth high refractive-index layers are each formed
of two layers respectively containing GAZO and WNb:0s as a

primary component. In the example shown in Fig. 6E, the

first and the f£ifth high refractive-index layers are each
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(80 nm.-5.1.690 nm)  When the total film thickness L is in a range of 80 to 90 nm, based on the
information on the peaks of the regions which satisfy the conditions of the individual parameters shown
in Figs. 24 and 25, the following formulas (65) to (69) are obtained.
(p-0.8)611.6=(a-0.01161)/0.00398137-(90-L)/10 ... (65)
(P-8.9)610.4-(a-0.01398)60.00152478-(90-L)/10 ... (66)
(13-10.4)/10.6-(a-0.01516)/0.00067768-(90-L)/10 ... (67)
(P-4.9)816.1-(a-0.01347)/0.00237188-(90-L)610 ... (68) (p-4.9)/7.5=(a-0.01347)/0.00211775-(90-L)/10
... (69) In this case, the region enclosed by the regions shown in Figs. 24 and 25 and the straight
lines shown by formulas (65) to (69) are a region which satisfies the conditions of -the individual
parameters’ (GOFft1 260 FrY) Lawihenhetdl fif thickpess 1k £feriye690%0A:00 nm, based

on the inforg13ation on the ;)){e%ks of3 }lheenccegi% wi ich %%fg tgg qgnrdét%ornasc%fit‘pg_inigli&_iadxual parameters
shown in Figs. %%nan% he?gﬁ)owing formulas'(70) to ¢

laver is formed of three layers respectively containing GAZO,
Nb;0s, and GAZO as a primary component. In the example shown
in Fig. &F, the first high refractive-index layer is formed
of two layers respectively containing GAZO and Nb:0Os as a
primary component, and the third and the fifth high
refractive-index lavyers are each formed cf three layers
respectively containing GARZO, Nb.0s, and GAZC as a primary
component.

In addition, the laminated film iz not limited to a
thin film formed of an inorganic material and may be formed
by laminating thin films formed of a polymer material or
layers containing a polymer material and fine particles
dispersed therein. In addition, in order to prevent
degradation of an underlayer metal by oxidation in the
formation of these optically transparent lavers, a buffer
layer of T1i or the iike having a small thickness, such as
approximately several nanometers, may be provided at an
interface of the optically transparent lavers. In this
embodiment, the buffer layer is a layer which oxidizes
itself in the formation of the upper layer so as Lo suppress
the oxidation of the metal layer or the like functioning as
an underlaver.

(Suppression of Change in Color Tone)
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(73) are obtained. (1-P)/0.2=(a-0.01093)/0.0067768=(100-L)/10 ... (70)
(P-5.8)/3.1=(a-0.01262)/0.00135536-(100-L)/10 ... (71) (13-6.5)/3.9-(a-0.01432)/0.0008471-(100-L)/10
.. (72) (P-2.8)/2.1-(a-0.0122)/0.00127065-(100-L)/10 ... (73)  In this case, the region enclosed by
the regions shown in Figs. 25 and 26 and the straight lines shown by formulas (70) to (73) are a region
which satisfies the conditions of the individual parameters. (100 nm120 nm) - When the total film
thickness L is in a range of 100 to 120 nm, based on the information on the peaks of the regions which
satisfy the conditions of the individual parameters shown in Figs. 26 and 27, the following formulas
(74) to (77) are obtained. (P-0.9)/0.1-(a-0.00974)/0.00118594=(120-L)/20 ... (74)

(13-4)/1.8-(a-0. 01144%/0 00118594 (220-L)20 ... (75)

his embodiment Jf the present invention, an index
value which indicates the color tone, such as blueness or
redness, 1is set, and the change in color tone is suppressed
by forming a laminated film so as to satisfy this index
value. In this example, a blueness index and a redness
index are each set as the index wvalue for the color tone.

The blueness index is an index value to judge whether
transmitted light has blueness or net. A blueness index
value is calculated in such a way that after a product of a
light source spectrum in a wavelength range of 620 to 730 nm,
reflectance, and luminosity factor is integrated, and the
value obtained thereby is divided by a value obtained by
integrating a product of the light source spectrum and the
luminesity factor.

The blueness index value is preferably less than 0.152
and more preferably less than 0.111. The reason for this is
that when the blueness index value is in a range of 0 to
less than 0.111, the blueness is hardly disturbing, and when
it is in a range of 0.111 to less than 0.132, although
depending on the cutside brightness, the blueness is almost
not disturbing. On the cther hand, when the blueness index
value is in a range of 0.152 to less than 0.2, transmitted
light is liable to have a slight blueness in a specific
angle direction, and when it is 0.2 or more, transmitted

light is liable to have a deep blueness in a specific angle
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(P-4.25)/2.25-(a-0.0133)/0.00101652=(120-L)/20 ... (76)
(13-1.7)/1.1=(a-0.01076)/0.00144007=(120-L)/20 ... (77) In this case, the region enclosed by the
regions shown in Figs. 26 and 27 and the straight lines shown by formulas (74) to (77) are a region
which satisfies the conditions of the individual parameters. (120 nm5.1.,fl40 nm) When the total
film thickness L is in a range of 120 to 140 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters shown in Figs. 27 and 28, the following
formulas (78) to (81) are obtained. (1-P)/0.1-(a-0.00923)/0.00050826=(140-L)/20 ... (78)
(3-3.3)/0.7-(a-0.01042)/0.00101652=(140-L)/20 ... (79)
(P-3.3)/0.95=(a-0.01245)/0.0008471=(140-L)/20 ... (80)

direction.

The redness index is an index value to judge whether
transmitted light has redness or not. As in the case of the
biueness index value, the redness index value is calculated
in such a way that after a product of a light source
spectrum in a wavelength range of 620 to 750 nm, reflectance,
and lumincsity factor is integrated, and the value obtained
thereby is divided by a value obtained by integrating a
product of the light scurce spectrum and the luminosity
factor.

The redness index value 1s preferably less than 0.258
and more preferakly less than 0.172., The reason for this is
that when the redness index value is in a range of 0 to less
than 0.175, the redness 1s hardly disturbing, and when it is
in a range of 0.175 to less than 0.258, although depending
on the cutside brightness, the redness is almost not
disturbing. On the other hand, when the redness index value
is in a range of 0.258 tc less than 0.3, transmitted light
is liable to have a slight redness in a specific angle
direction, and when it is 0.3 or more, transmitted light is
liable to have a deep redness in a specific angle direction.
{Function of Optical Film}

Figs. 7A and 7B are cross—-sectional views each
illustrating one example of the function of an optical film.

Here, the case in which the structure has a prism shape of



(P-1.1)/0.6-(a-0.0094) /0.00135536=(140-L)/20 ... (81) In this case, the region enclosed by the
regions shown in Figs. 27 and 28 and the straight lines shown by formulas (78) to (81) are a region
which satisfies the conditions of the individual parameters. (140 nm..160 mm)  When the total film
thickness L is in a range of 140 to 160 nm, based on the information on the peaks of the regions which
satisfy the conditions of the individual parameters shown in Figs. 28 and 29, the following formulas
(82) to (85) are obtained. (1.05-P)/0.05=(a-0.00822)/0.00101652=(160-L)/20 ... (82)
(P-2.85)/0.45-(a-0.00991)/0.00050826-(160-L)/20 ... (83)
(13-2.85)/0.45-(a-0.01203)/0.00042355--(160-L)/20 ... (84)

(P-1.05)/0.05-(a-0.00864 /0.00076239-é1§0-L)/20 ... (85) In this case, the region enclosed by the
regions shoWwh iV'Figs" 28 P29 and the stidight ftfe<Csicin ByForulady of example.

As shown in Fig. 74, although some of near-infrared light I,
of sunlight incident cn this optical film 1 is directionally
reflected skyward in a direction approximately eguivalent to
the incident direction, visible light 1. transmits the
optical film 1.

In addition, as shown in Fig. 7B, the light incident on
the optical film 1 and reflected on the reflective layer
surface of the reflective laver 3 1s separated into a
component L, reflected skyward and a component Ly not
reflected skyward at a ratio in accordance with the incident
angle. In addition, after being specularly reflected at the
interface between the second optical layer 5 and air, the
component Ly not reflected skyward 1s finally reflected in a
direction different from the incident direction.

When the incident angle of light is represented by &,
the refractive index of the first optical layer 4 is
represented by n, and the reflectance of the reflective
layer 3 ls represented by R, the ratio of the component I
reflected skyward tc all the incident components is shown by
the following formula (1).
2=(sin(45~8" ) +cos{45-8" ) /tan (458" )}/ (sin(45-8" ) +cos (45~
3"y xR’ cee {1

In the above formula, &'=sin™*(sind/n) holds.

If the ratio of the component Ly not reflected skyward
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(82) to (85) are a region which satisfies the conditions of the individual parameters. (160 nif6_1,5 180
nm) When the total film thickness L is in a range of 160 to 180 nm, based on the information on the
peaks of the regions which satisfy the conditions of the individual parameters shown in Figs. 29 and
30, the following formulas (86) to (89) are obtained. (1.15-P)/0.1=(a-0.00754)/0.00067768=(180-L)/20
.. (86) (13-2.55)/0.3-(a-0.00889)/0.00101652=(180-17)/20 ... (87)
(P-2.4)/0.45-(a-0.01177)/0.00025413=(180-L)/20 ... (88)
(1.2-P)/0.15=(a-0.00856)/0.00008471-(180-L)/20 ... (89) In this case, the region enclosed by the
regions shown in Figs. 29 and 30 and the straight lines shown by formulas (86) to (89) are a region
which satisfies the conditions of the individual parameters. As described above, when the total film
thickness Li§'c6Eard the il thitkhessds bRthe iethAGaAl Iéﬂ/é@aﬁée@t%c&ﬁ%ﬁﬁé"i‘éﬁéia and the
ratio p are ip the region shown bynhatggllgg g Iamlnat fllmt\thch scatlsf|g§ thﬁ conditions of the
individual parameters can be formed. escr above, when the totai: IIm thickness L is other

than the spe@ﬁwam&@fne@@a@mplmp@pm@as at spgeifisgotat fitndhickngsses L adjacent to

each other and straight lines connecting between corresponding peaks of
the reflective lavyer 3, that is, appropriate designing of
the shape of the structure 4c¢ of the first optical layer 4,
is effective. For example, 1in order to increase the ratio
of the skyward reflection, the shape of the structure 4c
preferably has the lenticular shape shown in Fig. 3C or the
asymmetrical shape shown in Figs. 4A and 4B. By the
structures described above, although light may not be
reflected in the completely same direction as that of the
incident light, the ratio of light reflected upward to the
light incident above a building window material and the like
can be increased. Since one reflection of the incident
light by the reflective layer 3 is enocugh as shown in Figs.
8A and 8B, the two shapes shown in Figs. 3C and 4A can
increase a final reflection component as compared to that by
the shape as shown in each of Figs. 78 and 7B in which
reflection is performed twice (or 3 times or mcre). For
example, when two-time reflection is used, i1f the
reflectance of the reflective laver 3 is assumed 80% at a
certain wavelength, the skyward reflectance is theoretically
64%, and when the reflection is performed once, the skyward
reflectance is 80%.

Figs. SA and SB show the relationship of a ridgeline l;
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the adjacent regions is defined as a region which satisfies the conditions of the individual parameters;
however, the region is not limited to this example. For example, when the total film thickness L is other
than the specific value, a region in which regions at specific total film thicknesses L adjacent to each
other are overlapped may be defined as a region which satisfies the conditions of the individual
parameters. First, the case in which the visible light transmittance, the blueness index, and the
redness index are used as the parameters will be described. Fig. 32A shows a graph in which when
the visible light transmittance, the blueness index, and the redness are used as the parameters,
regions which satisfy the conditions of the individual parameters are mapped on the same plane. In
this example, the regions at total film thicknesses L, of 160 and 180 nm are shown. As shown in

Fig. 32A, whién tHe réGioHSH thé Speciictibia filk thitkhegsed ¢ iafiatert @ éach BBt are mapped
on the same plane, & region in which ﬂ#e twe.regions.are-Queriappgd with each.other is formed. In this

case, the overlapped region can be de ined as a region which satisfies the conditions of the individual
parameters:ithe @vetlappediregiomcan detdeterminedibasetd on theapprexifiated cutves forming the
respective regions. (80 nm<L<90 nm) When the total film thickness L is in a range of more than 80

to less than'St aftf Based®rt the redibns WisicRatish thie cdhditiRs 6F the' ftiividual parameters
shown in Fig%r%%@E‘Qr?a%_%pex@@'@&%‘é”%%d%q ¥ the follawing formulas. (8), {10), (11) satisfies

the conditions of the individual parameters. a=0.012114 ... (8) a=-3x107132+0.001413+0.0038 ... (10)
a=-2x1071120H0006R+A04d2- iofl1)00, -¢) (0°<B0<90°) while transmitting
the light L; other than that in the specific wavelength band.
The reason for this is that when the relationship as
described above 1s satisfied, the light in the specific
wavelength band can be reflected skyward. In this case, B
indicates an angle formed hetween the normal 1; to the
incident surface 31 and the incident light L or the
reflected light L;. In addition, ¢ indicates an angle formed
between the straight line 1, which perpendicularly
intersects the ridgeline 13 of the columnar structure 4c¢ in
the incident surface 51 and a component of the incident
light L or the reflected light L; which is projected on the
incident surface S1. In addition, an angle 0 rotated
clockwise around the normal 1; is represented by "+8", and an
angle 8 rotated anticlockwise is represented by "-6". An
angle ¢ rotated clockwise around the straight line 1, is
represented by "+¢", and an angle ¢ rotated anticlockwise is
represented by "-¢"
[Manufacturing Apparatus cof Optical Film]

Fig. 10 is a gchematic view showing cone structural
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(90 nm<L<100 nm) When the total film thickness L is in a range of more than 90 to less than 100
mm, based on the regions which satisfy the conditions of the individual parameters shown in Figs. 18
and 19, the region surrounded by the following formulas (11) to (15) satisfies the conditions of the
individual parameters. a=-2x1075132+0.0000+0.0112 ... (11) a=0.010589 ... (12)
a-0.00042+0.00541+0.0057 ... (13) a-0.00042+0.004513-0.0067 ... (14) a=-4x107132+0.001P+0.0099
... (15) (100 nm<L<120 nm) When the total film thickness L is in a range of more than 100 to less
than 120 mm, based on the regions which satisfy the conditions of the individual parameters shown in
Figs. 19 and 20, the region surrounded by the following formulas (15) to (19) satisfies the conditions of
theindhﬂdug&%%gﬁgg%%sa manufacturing apparatus for manufacturing an

optical film according to the first embodiment of the

present invention. As shown in Fig. 10, this manufacturing

apparatus includes laminate rolls 41 and 42, a guide roll 43,

a coating device 45, and an ilrradiation device 46.

The laminate rolls 41 and 42 are formed to be able to

nip an optical laver 9 provided with a reflective layer and

the szecond base member Sa. The optical layer 9 provided

with a reflective layer 1s formed by forming the reflective

laver 3 on cne primary surface of the first optical layer 4.

In addition, as the optical laver 8 provided with a

refiective laver, the first base member 4a may be formed on

a primary surface of the first optical layer 4 cother than

the surface on which the reflective lavyer 2 is formed. In

this example, the case is shown in which the reflective

layer 3 is formed on one primary surface of the first

optical layer 4, and the first base member 4a 1=z formed on

the other primary surface thereof. The guide roll 43 is

arranged at a transport path of this manufacturing apparatus

g0 as to transport the belt-shaped optical film 1.

Materials for the laminate rolls 41 and 42 and the guide

rcll 43 are not particularly limited, and in accordance with

desired roll properties, for example, a metal, such as

stainless steel, a rubber, or a silicone may be

appropriately used.
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a=-4x104132+0.001P+0.0099 ... (15) a=0.009403 ... (16) a-0.0003132+0.0070+0.0033 ... (17)
u=-0.00102+0.0194-0.0422 ... (18) a=-9x10-5132+0.0015P+0.0084 ... (19) (120 nm<L<140 nm)
When the total film thickness L is in a range of more than 120 to less than 140 nm, based on the
regions which satisfy the conditions of the individual parameters shown in Figs. 20 and 21, the region
surrounded by the following formulas (20) to (23) satisfies the conditions of the individual parameters.
a=0.007709 ... (20) a-0.00102+0.013613-0.0027 ... (21) P=10,132(12-241.39a+4.747 ... (22)
a-0.0001132+0.0020+0.0074 ... (23)

For example, a device having a coating unit, such as a
coater, may be used as the coating device 45. As the coater,
in consideration of the physical properties and the like of
a resin composition to be applied, for example, a gravure
coater, a wire bar coater, or a die ceater may be
appropriately used. The irradiation device 46 is an
irradiation device which radiates ionizing rays, such as
ealectron ravs, ultraviolet rays, visible rays, or gamma rays.
In this example, the case in which a UV lamp which radiates
ultraviolet rays 1s used as the irradiation device 46 is
shown.

[Method for Manufacturing Optical Film]

Hereinafter, with reference to Figs. 10 to 13C, one
example of a method for manufacturing an optical film
according to the first embodiment of the present invention
will be described. In addition, in consideration of the
productivity, a manufacturing process shown below 1s
preferably performed partially or entirely by a roll-to-roll
method AS shown in Fig. 10. However, the step of forming a
mold is performed independently.

First, as shown in Fig. 11A, a mold 21 having the same
concavo-convex shape as that of the structure 4c or a mold
(replica) having a reversed shape thereof is formed, for
example, by cutting tocol processing or laser processing.

Next, as shown in Fig. 11B, the concavo-convex shape of the
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(2140 nm<L<160 nm) When the total film thickness L is in a range of more than 140 to less than
160 nm, based on the regions which satisfy the conditions of the individual parameters shown in Figs.
21 and 22, the region surrounded by the following formulas (23) to (28) satisfies the conditions of the
individual parameters. a-0.00042+0.00213+0.0074 ... (23) a=0.006523 ...(24)
a-0.0042+0.027313-0.0145 ... (25) a=0.0043p2-0.0332P+0.07 ... (26) P=2.875 ... (27)
a=-0.0001P2+0.0025P+0.0062 ... (28) (160 nm<L<180 nm)

above mold 21 is transferred to a film-shaped resin material,
for example, using a melt extrusion method or a transfer
method. As the transfer method, for example, there may be
mentioned a method in which an energy ray curable resin is
poured in a mold and is then cured by irradiation of energy
rays, a methed in which a shape is transferred to a resin by
applying heat and/or pressure thereto, and a method in which
a resin film is supplied from a roll, and a mold shape is
transferred thereto by zapplyving heat (lamination transfer
method) . Accordingly, as shown in Filg. 11C, the first
optical layer 4 is formed so that one primary surface
thereof has the structures 4c.

In addition, as shown in Fig. 11C, the first optical
layer 4 may be formed on the first base member 4a. In this
case, for example, a method is used in which after the f£film=-
shaped first base member 4a 1s supplied from a roll, and an
energy ray curable resin i1s applied on this base member, the
resin 1s pressed on the mold so that the shape thereof is
transferred and 1ls cured by irradiation of energy rays. In
addition, the resin preferably further contains a cross-
linking agent. The reason for this is that heat resistance
can be imparted to the resin without considerably changing
the storage modulus at room temperature.

Next, as shown in Fig. 122, the reflective laver 3 is

formed on one primary surface of the first optical layer 4.
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When the total film thickness L is in a range of more than 160 to less than 180 nm, based on the
regions which satisfy the conditions of the individual parameters shown in Figs. 22 and 23, the region
surrounded by the following formulas (28) to (32) satisfies the conditions of the individual parameters.
a=-0.0001P2+0.0025P+0.0062 ... (28) a=0.005676 ... (29) a=-0.0103P2+0.047P-0.0322 ... (30)
a-0.00942-0.067713+0.1212 ... (31) a=-0.0003P2+0.0036P+0.0046 ... (32) Next, besides the
visible light transmittance, the blueness index, and the redness index, the case in which the shielding
factor is used as the parameter will be described. Fig. 328 shows a graph in which when the visible
light transmittance, the blueness index, the redness index, and the shielding factor are used as the
parameters, regions which satisfy the conditions of the individual parameters are mapped on the same
plane. In thissexample. the regions at tefal filge thicknessesd of 160-arg 180 nnaasesheywn.  As
shown in Fig. 323, when the regions at the specific total film thicknesses L adjacent to each other are
mapped on&héBahie plare, Befctich irtwhidhPthet i régiohe are dveriapped witieaéh other is
formed. In tQis case, J:(gle1 owegpped trgglc?n %a%:ti)e degir%:ed as a erggion Whichiseatgjséigg :.;tge conditions of

the individuaFBgrsalmeters. ov%ﬁapped reglonp can be defermi 8qkliasaedd on the apprc%(imated

curves formipg theyrespedtivedegionsy me thadditiona whendthe total film:thicknessds ina range of
more than BO to less than 90 nm, even if the regions which satisfy the conditions of the individual
parametersishowam ini Figs? 245and 25re mapped bhlthelsame plams o dverlapped region

therebetween is %r]e%ent; henée, the region which satks}f)/ éhelcondlgons of the in a\'\é'ggal parameters

rnaynotbe%%%ﬁ:ﬂ %fbgﬁﬁ RlethigopPropriate elected 1n accor

with the shape of the structure 4c or the like. Next, as
shown in Fig. 128, if necessary, an annealing treatment 31
is performed on the reflective layer 3. The temperature of
the annealing treatment is in a range, for example, of 100°C
to 256°C.

Next, as shown in Fig. 12C, an uncured resin 22 is
appliied on the reflective layer 3. As the resin 22, for
example, an energy ray curable resin or a thermosetting
resin may be used. As the energy ray curable resin, an
ultraviolet curable resin is preferable. Next, as shown in
Fig. 13A, a laminate ls formed by placing the seccnd kase
member %Sa on the resin 22. Next, as shown in Fig. 13B,
while the resin 22 is cured, for exanmple, with lrradiation
of enerqgy rays 32 or heat application 32, a pressure 33 is
applied to the laminate. As the energy rays, for example,
electron rays, ultraviolet rays, visible rays, gamma rays,
or electron rays may be used, and in view of producticn
facilities, ultraviolet rays are preferable. An accumulated

irradiation amount is preferably selected in consideration
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(90 nm<L<100 nm) When the total film thickness L is in a range of more than 90 to less than 100
nm, based on the regions which satisfy the conditions of the individual parameters shown in Figs. 25
and 26, the region surrounded by the following formulas (11), (14), (15), and (35) satisfies the
conditions of the individual parameters. a=-2x10-132+0.0006p+0.0112 ... (11)
a-0.00042+0.004511-0.0067 ... (14) a=-4x10-5132+0.001P+0.0099 ... (15)
a=-1x107132+0.0002P+0.0125 ... (35) (100 nm<L<120 nm) When the total film thickness L is in a
range of more than 100 to less than 120 nm, based on the regions which satisfy the conditions of the
individual parameters shown in Figs. 26 and 27, the region surrounded by the following formulas (15),
(18), (19) and (36) satisfies the conditions of the individual parameters. a=-4x10-5P2+0.001P+0.0099
... (15) a-0.0014132+@.019428:0.0422 % (18 resin, suppression of yellowing

of the resin and the base members, and the like. The
pressure applisd to the laminate is preferably in a range of
0.01 to 1 MPa. When the pressure is less than 0.01 MPa,
travelling performance of a film may cause a problem. On
the other hand, when the pressure 1s more than 1 MPa, a
metal roll is necessarily used as a nip roll, and pressure
irregularity may be liable to be generated. Accordingly, as
shown in Fig. 13C, the second optical layer 5 is formed on
the reflective laver 3, so that the optical film 1 is
obtained.

By using the manufacturing apparatus shown in Fig. 10,
a method for forming the optical film 1 will be particularly
described. First, the second base member 5a is fed from a
base member supply roll {not shown), and this second base
member 5a thus fed is allowed to pass under the coating
device 45. Next, an ionizing ray curable resin 44 is
applied by the coating device 45 on the seccond base member
5a passing thereunder. Next, the second base member 5a on
which the ionizing ray curable resin 44 is applied is
transpeorted to the laminate rolls. On the other hand, the
optical layer 9 provided with a reflective layer is fed from
an optical layer supply roll (not shown) towards the
laminate rclls 41 and 42,

Next, the second base member 5a and the optical layer 9
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a=-9x107132+0.0015P+0.0084 ... (19) a=-3x107132+0.0004P+0.0113 ... (36) (120 nm<L<140 nm)
When the total film thickness L is in a range of more than 120 to less than 140 nm, based on the
regions which satisfy the conditions of the individual parameters shown in Figs. 27 and 28, the region
surrounded by the following formulas (19), (22), (23), and (37) satisfies the conditions of the individual
parameters. a=-9x1075P2+0.0015P+0.0084 ... (19) P=10,132a2-241.39a+4.747 ... (22)
a=-0.00042+0.002P+0.0074 ... (23) a=-7x104132+0.000713+0.0097 ... (37) (140 nm<L<160 nm)
When the total film thickness L is in a range of more than 140 to less than 160 nm, based on the
regions which satisfy the conditions of the individual parameters shown in Figs. 28 and 29, the region
surrounded by the following formulas (23), (26), (28), (27) and (38) satisfies the conditions of the
individual pgrametess. a-0:000114240.00448.00/4kx, (238)ich are transported, are

held between the laminate rolls 41 and 42 so that air
bubbles are not trapped between the second base member 5a
and the optical layer 9 provided with a reflective layer,
and the optical laver 9 provided with a reflective layer is
laminated on the second base member 5a. Next, while the
second base member 5a on which the optical laver 9 provided
with a reflective layer 1s laminated is fransported along a
peripheral surface of the laminate roll 41, the icnizing ray
curable resin 44 is cured hy irradiation of ionizing ravs
from a second base member 5a side using the irradiation
device 46. Accordingly, the second base member 5a and the
optical layer 9 provided with a reflective layer are adhered
to each other with the icnizing ray curable resin 44
interposed therebetween, so that the targeted long optical
film 1 is formed. HNext, the belt~shaped optical film 1 thus
formed is wound by a winding roll (not shown). As a result,
an original fabric formed by winding the belt-shaped optical
fiim 1 1s obtained.

When the procgess temperature for forming the above
second optical layer is set to t°C, the cured first optical
layer 4 preferably has a storage modulus of 3x107 Pa or more
at (t-20)°C., 1In this case, the process temperature t
indicates, for example, a heating temperature cf the

laminate roll 41. Since the first optical layer 4 is
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a-0.00442-0.0334+0.07 ... (26) a=-0.0001P2+0.0025P+0.0062 ... (28) P=2.875 ... (27)
a=-0.00042+0.0011P+0.0083 ... (38) (160 nm<L<180 nm)  When the total film thickness L is in a
range of more than 160 to less than 180 nm, based on the regions which satisfy the conditions of the
individual parameters shown in Figs. 29 and 30, the region surrounded by the following formulas (28),
(30), (32), (39), and (40) satisfies the conditions of the individual parameters.
a-0.00002+0.0024+0.0062 ... (28) a=-0.0103P2+0.047P-0.0322 ... (30) a-0.0003142+0.0030+0.0046
... (32) a-0.000442+0.0010+0.0067 ... (39)

provided, for example, on the first base member 4a and is
transported along the laminate roll 41 with the first base
member 4a interposed therebetween, 1t is experientially
understood that the temperature actually applied to the
first optical laver 4 is approximately (t-20)°C. Therefore,
when the storage modulus at (t-20)°C of the first optical
layer 4 is set to 3x107 Pa or more, the concavo-convex shape
of the interface inside the optical layer can be suppressed
from deformation caused by heating with or without pressure
application.

In addition, the first optical layer 4 preferably has a
storage modulus of 3x10° Pa or less at 25°. Accordingly,
flexibility can be imparted to the optical £ilm at room
temperature. Therefore, the optical film 1 can be formed by
a manufacturing process, such as a roll-to-roll process.

In consideration of the heat resistances of resins used
for the optical layer and the base members, the process
temperature t 1s preferably 200°C or less. However, when a
resin having high heat resistance is used, the process
temperature t may be set to 200°C or more.

[Setting of Thickness of Refliective Lavyer]

As described above, the blueness index value and the
redness index value indicating the color tones of blueness
and readness, respectively, change in accordance with the

film thicknesses of the individual layers of the laminated
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am-0.0003132+0.002113+0.0055 ... (40)  According to the first embodiment, when the region which
satisfies the conditions of the individual parameters is determined with respect to the ratio a and the
ratio p determined in accordance with the film thicknesses of the individual layers of the reflective layer
3, and the film thickness of the reflective layer 3 is set so that the ratio a and the ratio p are included in
this region, the change in color tone can be suppressed. <Modified Examples>  Hereinafter,
modified examples of the above embodiment will be described. [First Modified Example) Fig. 33A
is a cross-sectional view showing a first modified example according to the first embodiment of the
present invention. As shown in Fig. 33A, an optical film 1 according to this first modified example has
an incident surface Si having a concavo-convex shape. The concavoconvex shape of this incident
surface Si and a concavecerExshape of afirst gpticatdayer 4 are formedsforaxampte, so that the
concavo-convex shapes thereof may correspond to each other, and the position of the vertex of each
convex porfidn &hfl thessition 6F e Boom-of edch Corctv e poitionsst thedRcid8At sGrface S1
coincide Wi@ntgots%eof Lj[hg gg%tso%thcgééay%fd Thaesconc%voé%%r%\éex K hgpg iﬁf the incident surface Si is
preferably gentler than ¥fhe concavo-convex sﬁape ot the Tirst optfcaT ayer .TSecond Modified
Example] thFig.333:isarcrass-segtional view shewing asecepd4nodified exampleraacording to the
first embodiment of the present invention. As shown in Fig. 333, in an optical flm 1 according to this
second modified iéxarmple? the-pesitibrnafehe vertex of each convex portion of a concavo-convex
surface of a first olpticaél }[’Er 4 on Whi%h a reflectivg&lay r3 ijsscgorm g is }g%rmed to have a height
approximately equf\lla?en o the he’iLgrht okflasn incident surface 51 6f the fird 8ﬁﬁ§aslslayer 4. <2. Second
Embodimentzaex Rigs. 344 to 373are views.each shewing an:example ofthestructure of an optical
film according to a second embodiment of the present invention. In the second embodiment, elements
correspondirgitothiose iA tha fitst embodimeastiare désignatedityethiel sarne reference numerals as
those in the first embodiment. In the second elmbodi ent, structures 4c are two-dimensionally
arranged inGi& f)lﬁ‘}mtatrya}%ﬁ?fa%rédoftahﬁrs§%l‘ﬁcglll%?er 3?58& thig i& %epé)lﬁF differ&itom that of the
first embodiment, The fyo-dimensional-arrangement isspreferably, atwo-dimensienglarrangement in a
closest-packed state. The reason for this is that the directional reflectance can be improved.

the transmittance of light and is preferably 70% or more.

The shielding factor is a parameter indicating the
efficiency of shielding heat and is preferably 0.6 or less.
As in the case of the blueness index and the redness index,
the visible light transmittance and the shielding factor
also change 1in accordance with the film thickness of the
laminated film.

The film thicknesses of the individual layers of the
laminated f£ilm which satisfy the condition of esach parameter
can be calculated, for example, by simulation. The film
thicknesses which satisfy the condition of each parameter
can be set, for example, when the distributicn of each
parameter with respect to the film thickness is obtained by
the simulation.

When the simulation 1s carried out, a ratic o and a
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As shown in Figs. 34A and 343, for example, one primary surface of the first optical layer 4 is formed
so that columnar structures (pillar shaped structures) 4c are arranged to orthogonally intersect each
other. In particular, first structures 4c arranged in a first direction and second structures 4c arranged in
a second direction perpendicular to the first direction are arranged so as to penetrate each other
through side surfaces thereof. For example, the columnar structure 4c is a convex portion or a
concave portion having a columnar shape, such as a prism shaper (Fig. 34A) or a lenticular shape
(Fig. 34B) or a convex portion or a concave portion thereof in which a vertex of the column has a
polygonal shape (such as a pentagonal shape (Fig. 34C). In addition, for example, structures 4c
each having a spherical shape or a corner cube shape may be two-dimensionally arranged in one
primary suraceiof the.firstoptical layer4n aclosest-packed:state sa as torfermia glose-packed array,
such as a square close-packed array, a delta close-packed array, or a hexagonal close-packed array.
As shown it FHGs85% 5 350, fo exaniplélthedqdarecddse-paeked sy B sfmeéd By arranging
structures 4¢.each havipg a.uadrangylar hotlom syrfape (such a5, squgre shape) in.a square
close-packed state, tha IS, In‘a matrix state (a Tattice s ate). For example, as shown in Figs. 36A to
360, the hexagonakdleserpacked aray-isforned ynaranging structuces-4e¢ eaehhaying a hexagonal
bottom surface in a hexagonal close-packed state. For example, as shown in Figs. 37A and 37B, the
delta close-parked diraytisForméd Bicaranging stiuttuirsiae eaer halirga thangiesbottom surface
(such as a tf?gggl@cri%/rﬁnyg)dincg cgosse%- aglggq st%tg. . eng &%Jﬁl.”?ﬂ% is_ a convex portiqn ora
concave portion of acorner cube sFlape, a em|spﬁer|cal skhape, a seml-eﬁ|p30|dal shape, a prism
shape, a cylindrgalshape; afreefarm shapey, a.potygenal-shapeq aconical:shape;iapolygonal
pyramid shape, a truncated cone shape, a paraboloidal surface shape, or the like. The bottom of the
structure 4cchiasfor ekanipleigtircelar shapecanredlipticah shape, dna potygonal shapéssuch as a
triangular shape, a qu?éj;?&ng}ular ]S(hape, a Qgﬁgg%nal sahaft;),e1 or algli%%ggonal %r%ape. %pitch Pland a

pitch P2 of e dfrdctu ‘*C?efleeraﬁlylappropri%fely sefedled it 6857 HANRR With Eesired optical

properties. inaddition, whentheprimaryaxs of dhe stiucture dciisdnelingd withrespegt to the normal
orthogonal to an incident surtface of an optical film 1, it is preferable that the primary axis of the
structure 4cisiineliredsin at least one arrangement direction of the two-dimensional arrangement of the
structures 4c. When the optical film 1 is adhered on a window material arranged in a direction

approximately pefBerndiciiar @ the ground. Tt is pHefrasGRal the piimaty akisof the Structure 4c is

inclined to & lower sjdeg;of the window.material (gropndsidel.with rgspect tobginormal.  When the
structure 4c has a corner cube shape, if a ridgeline R is large, the primary axis is preferably inclined

skyward, and.in otderdp tsuppressidownvardrefiection, the primary éxigiis preferabty inetined to the
ground side. Since being obliquely incident on a film sun#[%glt is not likely to reach the back of the
structure, ahd%4f@hce? e shipe TReeof At &l iReident iGhCsideTs fRpoftant. That is, when R of a

riddeline portian.js large. the ampunt of retroreflection light is decreased, and.hence, by inclining the

primary axis skyward, this phenomenon can be suppressed. In addition, in the corner cube body, when
reflection issperformed Huee e at & reflectior surface, theiretroreftedtiohrcarebegsealized; however,
light partially leak in a direction other than that of the retroreflection when reflection is performed twice.

By incliningthgé ¢arhéredod td the Gisirtesitle, Atargepart ot thideakate gt carPbaFéturned
skyward. A% 9?385!%‘%% §b8¥etmea%c0£gg@g% éévi@ogg%ﬁ@asoe@@d/@g tt}gl purpose, the primary axis may
be inclined in any direction.”<3. Third Embodiment>
L=X1+Y+X2+Y+X1 ... (2)
o=2Y/ (2X1+X2) ... (3)
B=x2/X1 ... (4}
When the total fillm thickness L, the ratlo o, and the

ratio P are obtained based on formulas (2} to (4), the film

thicknesses of the individual lavers of the laminated film
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Fig. 38A is a cross-sectional view showing one structural example of an optical film according to a
third embodiment of the present invention. In the third embodiment, elements corresponding to those
in the first embodiment are designated by the same reference numerals as those in the first
embodiment, and descriptions thereof are omitted. In the third embodiment, reflective layers 3 inclined
to the incident surface on which light is incident are included in an optical layer 2 and are arranged in
parallel to each other, and this is a point different from that of the first embodiment. Fig. 382 is a
perspective view showing one example of the structure of the optical film according to the third
embodiment of the present invention. Structures 4c are each a convex portion of a triangular column
extending in one direction and are one-dimensionally arranged in one direction. A cross-section of the
structure 4coperpendicitakto-the-extendingzdirection bas.ifer examplea dight tiangte shape. On the
inclined surface of the structure 4c at an acute angle side, the reflective layer 3 is formed, for example,
by a thin fillFBFMARF HetR6d, sifch &S asddposition method or a sputtering method, having directivity.
According to the third.embodiment, a plurality of reflective layers 3 is arranged in parallel in the optical
layer 2. Accordingj“ﬁ) t%% gtrﬁ%%?g} fﬁée)nr%ur% er Icl)ffe r%ﬂ%%ﬁonr%s fii/ﬂfﬁél 1F(Je“l‘(féﬂlcftivaeslaSci/fe%?D ¥'tan be reduced
as comparedhtorthat inthe ease i which the steucture; 46 iaving.a corneneube shape or a prism shape
is formed. Hence, the reflectance can be increased, and the absorption of light by the reflective layer 3
can be reduted «4e FolrthhEmbodiments  4cinfafoarth Bmbddiment slightdisving a specific
wavelength.is direcgionally, re I.ect%d, Ii?ght having a wave en%thtothert n }glhe ?pecific 1\:/vaq}/elength is
scattered, and’this is a fooﬁﬁ différent from that of the Tirst émbodiment. An Ce)p ical filth L ihcludes a
light scattering materiatscatteringJpeident light. This sgattering materakisprovided, for example, at at
least one of places located on a surface of an optical layer 2, in the optical layer 2, and between a
reflective layer3iambitieuoticat layer2:<T e igltsoattetingtmaterialis prefevalbly provided at at least
one of places Iotq?aée(% petween the reflective Ia%er, 3 and a first optical layer 4, in the first optical layer

4, and on tH& strtice thereof AWheh beifig Hdherdd & PRPHIH ferBer ‘such A& & Wifidow material,

the optical fiig 1 may @%_1%@}%“9@ thﬁiH“‘f‘c!{i%@QQ% %BEQBP&E@%@ %Q?tﬁ\éh%}%‘?a%ticm film 1is
adhered to the outdoor side, a light scattering material scattering light having a wavelength other than
the specificanvanelengthtistpreferabbtpravided: onliehetweendhe refléctive tayeriand B

in a direction perpendicular to the inclined surface of the
structure 4c, the relationship of "A=B/cosB" holds. For
example, when the angle 0 of the inclined surface of the
structure 4c is 54°, "A=x1.7B" hclds.

One example of a process flow to determine the film
thicknesses which satisfy the condition of each parameter
will be described with reference to a flowchart shown in Fig.
15, First, in order to perform the simulation in the case
in which the film thicknesses of the individual layers of
the laminated film of the reflective laver 3 are changed,
the conditions shown in Steps 81 to S5 are set. In Step 31,
the total film thickness L of the laminated f£ilm is set. In
Step 5Z, the inclined angle cf the shape of the laminated

film is set. In Step 83, the thickness distribution of the
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the support member, such as a window material. The reason for this is that when the light scattering
material is present between the reflective layer 3 and an incident surface, directional reflection
properties are lost. In addition, when the optical film 1 is adhered to the indoor side, the light scattering
material is preferably provided between the reflective layer 3 and an emission surface opposite to the
adhesion surface. Fig. 39A is a cross-sectional view showing a first structural example of the
optical film 1 according to the fourth embodiment of the present invention. As shown in Fig. 39A, the
first optical layer 4 contains a resin and fine particles 11. The fine particles 11 have a different
refractive index from that of the resin which is a primary component of the first optical layer 4. As the
fine particles 11, for example, at least one type of organic particles and inorganic particles may be
used. In additignJhellow fing.particles may alsq.batised as the fine particles 11, A fhe fine particles
11, for example, inorganic particles, such as silica or alumina, or organic particles, such as a
polystyrene tar acgflicaresingcoriandepelymer thereof,; may be mentionedyand silicarfine particles are
particularly preferable.  Fig. 39B is a cross-sectional view showing a second structural example of
the optical fil'f aéc6iding 15 te Folirth Embodimentdithd Presentinventisii. As &hdwn in Fig. 398,
the optical film.1 furtherdpclydes a light diffusionjayer; 12,00 thesyrface of.the first optical layer 4. The
light diffusion layer 12 contains, for example, a resin and fine particles. As the fine particles, the same
particles as those desgribpd abovermaybeilised.on ikEigp890dsasctoss-sedtionalttiew showing a third
structural example of the optical film 1 according to the fourth embodiment of the present invention. As

shown in Fiﬁ.%,%%ﬁpt%%‘?ﬁﬁﬁ 1Sﬁ1?ﬁ!%r§'rjrqlﬁae_§ A light diffiSior ?zi%er X béfiden the reflective
layer 3 and the. fifst opfical layer, 4, The light diffusion layer 12 gontains, for,example, afesin and fine

particles. As the fine particles, the same particles as those described above may be used.
According te the:faurth embodiment dight gsiuch as tafrared:light, havingea specifie wavelength can be
directionally reflected, and light, such as visible light, having a wavelength other than the specific

wavelength2&4n ba'scatléréd. TRerstore: Sthen tHe Spfidaliim T iemaesdfiasd Badeseribed above,
e I e TR D, FULEISOREC L 55T S avscmen
of the presetihinventions: i3 thefith 2+ the set ratio o and ratio B is
calculated. In Step 510, the redness index at the set ratio
o and ratic B is calculated.
In Step $11, by changing the ratio o and the ratio [,
the fiim thicknesses of the individual lavyers are changed,
and the simulation of Steps 356 to S10 are repeatedly
performed, so that the wvalue of esach parameter is calculated.
In 3tep 812, the values of each parameter calculated in
Steps 87 to S10 are mapped on an o~B plane, and as shown in
Figs. 16A to 16D, the o-f correlation diagram showing the
distribution of each parameter to the ratio a and the ratio
B is formed. Fig. 16A shows the distribution of the visible
light transmittance to the ratic a and the ratio $. Fig.

16B shows the distribution of the shielding factor to the

ratio o and the ratio 3. Fig. 16C shows the distribution of
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embodiment, elements corresponding to those in the first embodiment are designated by the same
reference numerals as those in the first embodiment, and descriptions thereof are omitted. As shown
in Fig. 40A, in an optical film 1 according to the fifth embodiment, a concavo-convex surface of an
optical layer 2a is not embedded with a resin material, and a reflective layer 3 formed on the
concavo-convex surface of the optical layer 2a is exposed; hence, this is a point different from that of
the first embodiment. The optical film 1 has an incident surface S1 having a concavoconvex shape on
which light, such as sunlight, is incident and an emission surface S2 from which, of light incident on
this incident surface Sl, light transmitting the optical film 1 is emitted. If necessary, the optical film 1
may further include a base member 2b on the emission surface S2 of the optical layer 2a. In addition,
if necessary;the opticakfiln 1-may fushernincludes.a honding layer rand g peeling layern7 on the
emission surface S2 of the optical layer 2a or on the base member 2b. As the optical layer 2a and the
base member2bs Mémbeis simitarttocthe Fifsttdisticat fayer4 andehie baselmenmiber dadin the first
embodiment may be used, respectively. Fig. 40B is a cross-sectional view showing one example in
which the oﬁfr%altfﬁ% &&cordi g to the fifth embodiment of the present invention is adhered to an
adherend. As shoyyin, Figy, 49b. the;emission syrface.nd ofthe.eptical film-dyis adhered, for example,
to an adherend 10a with the bonding layer 6 interposed therebetween. As the adherend 10a, a window
material, a skind} ia:folling §creet; arpleated-sereen, ox the likeds preferhble. theAecdiding to the fifth
embodiment, since the concavoconvex surface of the %Ptical Ia%/er 2a on which the reflective layer 3 is

formed is uS&d 58 tA& 1RABNESTAECE 8F, sTnTe of fdidEntiight 1S ¥atteted By the‘infitiént surface S,

and some of fight whicihis ng scatigred gansmits the gptical.fim 1. Heneean ppaque optical film 1
can be obtained although the brightness of light can be sensed by incident light. The optical film 1
having propetties: as deseribediabovenisyréfdrablysuseddorexample, foran ihtetidr member, an
exterior member, or an insolation shielding member, each of which is used to protect personal privacy,

and more paffcutarly: Fora windowsinatetial, ablindda rofing Scré&A & piestedscrden, or the like. <6.
Sixth Embodiment, . ;Fig; 41,15 a grosszsectional view-shawingong structural:exapgple of an optical

film according to a sixth embodiment of the present invention. In the sixth embodiment, a self-cleaning

effect layerbluzaving aindex is not satisfied. In Fig. 16D, a region
shown by hatching indicates a region in which the conditien
of the redness index is not satisfied.

When the o-f cocrrelation diagrams thus formed shown in

Figs. 16A tc 16D are overlapped with each cther, a region 1in
which the conditions ¢f all the parameters are satisfied is
extracted, Fig. 16E shows the state in which the a-B
correlation diagrams shown in Figs. 16A to 16D are
overlapped with each other. In Fig. 16E, a region other
than the regions shown by hatching 1s extracted. This
region is a region which satisfies all the conditicns of the
parameters. That i1s, the regicon which satisfies the
condition of sach parameter 1ls a region surrounded by
boundary lines between a region in which the condition of

each parameter 1ls satisfied and a region in which the
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cleaning effect is further provided on an exposed surface, which is one of an incident surface Si and
an emission surface 52 of an optical film 1, opposite to a surface adhered to an adherend, and this is a
point different from that of the first embodiment. The self-cleaning effect layer contains, for example, a
photocatalyst. As the photocatalyst, for example, TiO2 may be used. As described above, the
optical film 1 allows incident light to partially transmit therethrough. For example, when the optical film
1 is used outdoors or in a very dirty room, light is scattered by dust attached to the surface of the
optical film 1, and transmission properties and reflection properties thereof will be lost; hence, the
surface of the optical film 1 preferably maintains optically transparency at any time. Therefore, it is
preferable that the surface is excellent, for example, in water-repellent or hydrophilic properties and
automatically,gxhibits @ ¢leaning-effectame r Agcarding to the: sixth embodiment, since the optical film 1
includes a self-cleaning effect layer 51, for example, water-repellent or hydrophilic properties can be
imparted to the in€igentsurfdeeyTherefores dtthesioi of steths or fHeelikeSfoithe ieident surface is
suppressed, and egradatir%n in directignal reflection p{%perkt)ies can be fuggresggd. <7. Seventh
EmbodimentSThthe firste %%ﬁﬁ%éﬁﬁ alt %Ulglﬁsthg%aseeln wiich the prlesentalnvention is applied, for
example, to.g windew material is,dgseribed by way ef example,the preseptinyentionis not limited
thereto and may also be applied to an interior member, an exterior member, or the like other than the
window materiakekeradditom sgesides fixel interionmembets-and exterferanenriersesach as walls and
roofs, the present invention may also be applied to a device which ce}}pjtintrodu% seuglclzight into a space,

such as a rd6me By moving & ntérisr Metiber dr'an ektetior eMbar 16

0 %%Tus? a transmission quantity
and/or a re%%ﬁé%%@ﬂ% of sunlight.in accordance,yith the change in light-quantity of synlight
caused by the change in seasons and times. In a seventh embodiment, as one example of the device
described aboveran ibsolation ghieldingidevied (slirtdevice) wilkbe déscrdbed whieh is able to adjust
a shielding quantity of incident light by changing the angle of an insolation shielding member group
including a pRitafty ofin&Gatibn shfeld %ﬁ%br%.f Cag]y PPNENhESpettive view shdwing one
structural example.of:a blind device according to the seventh embodiment of the present invention. As
shown in Fig. 42, a blind device 201 which is an Insolation shielding device includes a head box 203, a
slat group (insolatior: shietding memiet grotp)=202 farmacof aiplerality phslats:(feathers) 202a, and a

bottom rail 204. The head box 203 is provided above the slat group 202 formed of a plurality of slats
202a. Fromsthe HidaEhox 208, a3a8a& code D06 arftan Up-ahd-don &de 208 &kténd downward,

and the botfom rail 204.is suspended at e, lower.gnds of ihesg.codes, The; slats 202a which are

insolation shielding members each have, for
visible light transmittance, the blueness index, and the

redness index are used as the parameters will be described
for respective total f£ilm thicknesses L of the reflective
layer 3.

{L=80 nm)

Fig. 17 shows an o-P correlation diagram based on the
conditions of the visible light transmittance, the blueness
index, and the redness index at a total film thickness L of
80 nm. TIn Fig. 17, a point "@" and a point "A" each
indicate a predetermined point on the boundary line between
a region in which the condition of the blueness index is

satisfied and a region in which the condition of the
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example, a long and narrow rectangular shape and are suspended and supported with predetermined
intervals by the ladder code 206 extending downward from the head box 203. In addition, an operation
unit (not shown), such as a rod, for adjusting the angle of the slat group 202 formed of a plurality of
slats 202a is provided in the head box 203. The head box 203 is a driving unit which adjusts the
guantity of light introduced into a space, such as a room, by rotating the slat group 202 formed of a
plurality of slats 202a in response to the operation of the operation unit such as a rod. In addition, the
head box 203 also functions as a driving unit (up-and-down unit) of appropriately moving the slat group
202 up and down in response to the operation of an operation unit such as an up-and-down operation
code 207. Fig. 43A is a cross-sectional view showing a first structural example of the slat. As
shown in Fig; 43As the slat202adnelydes a bage member 211 and-an optical film:L. Qf the two primary
surfaces of the base member 211, the optical film 1 is preferably provide at an incident surface side
(for exampleraside: facing @ window nratéhial) omawhichvoutdosr lightis4ncidenewhen the slat group
202 is closed. The optical film 1 and the base member 211 are bonded tq each other, for example,

with a bondifg aVer SucH AS hh'adh&sive T8y er S taeky Tayat. 1° As'tha sha 0¥ th@ base member
211, for exarpple,-a sheginadim, oL aplate shape may-he menfioned. Agsamateriglfor the base
member 211, for example, a glass, a resin material, a paper material, or a cloth material may be used,
and in considerationof intrédudtion. ofiVisible fight inte:agredetermined space, suchasaroom, a resin
material having transparency is preferably used. As a glass, a resin material, a paper material, or a
cloth material,"a iatefarWhich & comiontly dsed asH reldted roliing Séreeli ay be used. As the
optical film 1,.the,optical films 1.acegrding ta the first to. the. sixth-embadiments may be used alone or
in combination. Fig. 43B is a cross-sectional view showing a second structural example of the slat.
As shown inFig:+43By<inthiscsecond stfucturalsexample, an gpticakfilnsd-is usedasithe slat 202a. It is
preferable that the optical film 1 can be supported by the ladder code 206 and has rigidity so as to
maintain its'Shapeawhile being' sGpportéd “€8. ‘Eightly Embodiftient>1 direighth'@mbodiment, a rolling
screen devige will be described which is,one example of an jpsolation shielding devigq capable of
adjusting the shielding quantity of incident light by rolling up or outan insolation shielding member.
Fig. 44A is a:iperspectivesvien-shipwing.one structusakvexample:of thesollingyecreen dewviee according
to the eighth embodiment of the present invention. As shown in Fig. 44A, a rolling screen device 301
which is aniRselafieR shfelding e ics ficlides akseréen 302, a head box 303, and a core material
304. The head box_303,is_configured to move t creen 3 p-and.dow perating an operation
unit, such as a cﬁg?nS%gS? %h%%a%%gglf 303 e%,%é% ré%?eﬁgp ar%#ugltﬁggsc?ge%r%side and to roll it out,
and one engdrof the screen:302 is:bended to thisdoller. imadditipn -thereqretmaterial 3944s bonded to
the other end of the screen 302. The screen 302 has flexibility, and the shape thereof is not particularly
limited and 13$*preTeraty: sBRseted fiPaEEsrdahcE Witk fig shape 6FASFindiéw fifaterial or the like, such

as arectangular shape, 1. which.the rolling seregn device- 301 i3 apRled: uias (5 to

(7} are obtained.

o=-0.0004B*+0.0053B+0.0065 ... (5)
o=-1x107°B*+0.0007B+0.0066 ... (6)
o=-1x10"°B*+0.0005p+0.0119 ... (7}

In this case, a region shown by hatching which is
surrcunded by the approximated curves shown by formulas (5)
to (7) and a straight line shown by the following formula
{(8) is a region in which the conditions of the individual

parameters are satisfied. 7The formula (8) is set in order
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Fig. 44B is a cross-sectional view showing one structural example of the screen 302. As shown in Fig.
44B, the screen 302 includes a base member 311 and an optical film 1 and preferably has flexibility.
Of the two primary surfaces of the base member 311, the optical film 1 is preferably provided at an
incident surface side (side facing a window material) on which outdoor light is incident. The optical film
1 and the base member 311 are bonded to each other, for example, by a bonding layer, such as an
adhesive layer or a tacky layer. In addition, the structure of the screen 302 is not limited to this
example, and the optical film 1 itself may also be used as the screen 302. As the shape of the
base member 311, for example, a sheet, a film, or a plate shape may be mentioned. As a material for
the base member 311, for example, a glass, a resin material, a paper material, or a cloth material may
be used, andinsansideratign ofintraductionef visible lightinio apredetarmined gpace, such as a
room, a resin material having transparency is preferably used. As a glass, a resin material, a paper
material, or@ecloth araterial, a material Wwhich is Commenly useticas alrefatéd roliag sereen may be
used. As the optical film 1, the optical films 1 according to the first to the sixth embodiments may be

used alone of fn conbination ¥o° Ninth Exfbdtfirient>12Y fif arinth SMbBLIMERAE ‘an-8Xample will be
described in,which the.present invention.is appliedsto.a fitting.(ap interiofmember or an exterior
member) having a lighting portion in which an optical element having directional reflection properties is
provided. chEigyd48Aasd perspectivie vievishoiing oneestructural example bia fitting according to
the ninth embodiment of the present invention. As shown in Fig. 45A, a fitting 401 has the structure in
which an optical eldMBAt4d2 is'provided in a lighting portion 404. In particular, the fitting 401 includes
the optical glement 402,and a frame member 403 provided along the periphery thereof. The optical
element 402 is fixed by the frame member 403, and if necessary, the optical element 402 can be
removed by(disassembling the frame member 403. As the fitting 401, for example, although a paper
shielding door, such as a Japanese shoji, may be mentioned, the present invention is not limited to this

example and may'di€o bePappiittcaliols ftimgs sdch havihg EhghthiFsortion. Big 458 is a
cross-sectiongl yiew showing ppe siruciyral example of the. gptical glement 402y As.shawn in Fig. 458,
the optical element 402 includes a base member 411 and an optical film 1. Of the two primary surfaces
of the base mermber 414, the:opticadditm 1 isipsovided: at an4dncidenisuriaes sides(sidefacing a
window material) on which outdoor light is incident. The optical film 1 and the base member 411 are
bonded to edth 8ther, for @xamplé by a’bdnding laiers sticts as ‘diadhesive tayét-or a tacky layer. In
addition, the gtrugfure;of the shoil 4025 not fmited fo this example, and, e, gefica)fim 1 itself may
also be ‘

condition of the visikle light transmittance is satisfled
and a region in which the condition of the wvisible light
transmittance 1s not satisfied are outside the region shown
by hatching, the points are not shown in the figure. Based

on the points on the boundary lines of the individual
parameters plotted in the «-B correlation diagram, the
approximated curves of the boundary lines of the individual

parameters shown by the following formulas (9) fte {11) are

obtained.

o=-0.0002p%+0.0039B+0.0087 ... (9)
a=-3x107°B+0.0014B+0.0038 ... (10)
a=-2x10""p*+0.00068+0.0112 ... (11)
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used as the optical element 402. The base member 411 is, for example, a sheet, a film, or a
substrate, each of which has flexibility. As the base member 411, for example, a glass, a resin
material, a paper material, or a cloth material may be used, and in consideration of introduction of
visible light into a predetermined space, such as a room, a resin material having transparency is
preferably used. As a glass, a resin material, a paper material, or a cloth material, a material which is
commonly used as an optical element of a related fitting may be used. As the optical film 1, the optical
films 1 according to the first to the sixth embodiments may be used alone or in combination. Examples
Hereafter, although the present invention will be particularly described with reference to examples, this
present invention is not limited only to these examples. In the following examples, the optical
properties of a laminated film were qbtained-by simuiation in yhich the thickmesses of individual layers
of the laminated film of a reflective layer 3 were changed. The simulation was performed using an
optical simutatiorosofiware YLight Teplst of Opticat Research Asgotidtes (ORM) for eaéh of laminated
films of the foIIowing Sample 1-1 to Sarrpi 7-5, and the values of the visible light tran%mittance, the

shielding factor: the bitéhds<SindekI&hd tHe FedReLLindex Were Shtaitied By chalgiry the ratio a and
the ratio p. (Sample;1-1) Firsiwas assyimed, thathigh refractivesindexdayers qividual

parameters are satisfied. The formula (12) 1s set in order
to prevent the thickness of the metal layer from being
decreased to 5 nm or less.
a=0.010589 ... (12)
{(L=100 nm)

Fig. 19 shows an a-B correlation diagram based on the
conditions of the visible light transmiittance, the blueness
index, and the redness index at a total f£ilm thickness L of

100 nm. Tn addition, in Fig. 19, since predetermined point

HE

(, BY on the boundary line between a region in which the

condition of the visible light tryansmittance is satisfied
and a region in which the condition of the visible light
transmittance iz not satisfied are outside the region shown
by hatching, the points are not shown in the figure. Based

on the points on the boundary lines of the individual
parameters plotted in the o-B correlation diagram, the
approximated curves of the boundary lines of the individual
parameiers shown by the following formulas (13} to (15} are
obtained,.

o=-0.0002B*+0.0055B+0.0057 ... (13)

o=-0.0002R+0.0045B~-0.0067 ... (14)
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and metal layers were laminated to form a laminated film having a five-layer structure. The details of
the structure of this laminated film are shown below. Lamination structure: high refractive-index
layer/metal layer/high refractive-index layer/metal layer/high refractive-index layer Total film thickness
L: 80 nm High refractive-index layer: Material: GAZO Refractive index: 1.936 Geometric film
thickness of each of the first and the fifth layers: 6.73 nm Geometric film thickness of the third
layer: 56.53 nm Metal layer: Material: AQNdCu Refractive index: 0.164 Geometric film thickness of
each of the second and the fourth layers: 5.0 nm Ratio a: 0.0121 Ratio 13: 8.4

O=-4x107°B%4+0. 001B+0.0099 ... (15)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (13)
to (15} and a straight line shown by the following formula
{16} 1s a region in which the conditions of the individual
parameters are satisfied. The formula (16} is set in order
to prevent the thickness of the metal layer from being
decreased te 5 nm or less.
a=0.009403 ... (16)

(=120 nm)

Fig. 20 shows an o-f correlation diagram based on the
conditions of the visible light ftransmittance, the blueness
index, and the redness index at a total £ilm thickness L of
120 nm.  In addition, in Fig. 29, =zince predelermined points

(o, ) on the boundary line between a region in which the

condition of the visible light transmittance is satisfiled

and a region in which the condizion of the visible light
transmittance is not satisfied are outside the reglon shown
vy hatching, the polints are not shown in the figure. Based
on the peints on the boundary lines of the individual
parameters plotted in the o-p correlation diagram, the
approximated curves of the boundary lines of the individual
parameters shown by the following formulas (17) te (18) are

obtained.

o=—0.0003B%+0.0074B+0.0033 ... (17)



(Sample 1-2) The laminated film was assumed in a manner similar to that of Sample 1-1 except
that the film thicknesses of the individual layers were changed so that the ratio a was 0.0138 and the
ratio p was 12.4. (Sample 1-3) The laminated film was assumed in a manner similar to that of
Sample 1-1 except that the film thicknesses of the individual layers were changed so that the ratio a
was 0.0138 and the ratio p was 17.9. (Sample 1-4) The laminated film was assumed in a manner
similar to that of Sample 1-1 except that the film thicknesses of the individual layers were changed so
that the ratio a was 0.0155 and the ratio p was 17.4. (Sample 1-5) The laminated film was
assumed in a manner similar to that of Sample 1-1 except that the film thicknesses of the individual
layers were changed so that the ratio a was 0.0172 and the ratio p was 14.6. (Sample 2-1) The

laminated fijm wasg assgmed in aipapnensimilar to that,of Sample 1-1 except that the total film
thickness L was set to 90 nm and the film thicknesses of the individual layers were changed so that

the ratio a Was :00083%nd the Yaflop- Wwag4. - - - (19)

In this case, a reglion shown by hatching which is
surrounded by the approximated curves shown by formulas (17)
to (19) and a straight line shown by the following formula
(Z0} is a region in which the conditicons of the individual
parameters are satisfied. The formula {(Z20) is set in order
to prevent the thickness of the metal layer from being
decreased to 5 nm or less.
a=0.007709 ... (20)

(L=140 nm}

Fig. 21 shows an a-f correlation diagram based on the

conditicons of the visible light transmittance, the blueness

index, and the redness index at a total £ilm thickness L of

140 nm. In addition, in Fig. 21, since predetermined points
(e, By on the boundarv line between a region in which the
condition of the visible light transmittance is satisfied

and a reglon 1n which the condition of the visible light

-

transmiittance 13 noit satiasfied are outside the region shown

oS

by hactching, the points are net shown in the figure. Based
on the points on the boundary lines of the individual
parameters plotted in the a-P correlation diagram, the
approximated curves of the boundary lines c¢f the individual
parameters shown by the following formulas (21} to (23} are

obtained.
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(Sample 2-2) The laminated film was assumed in a manner similar to that of Sample 2-1 except
that the film thicknesses of the individual layers were changed so that the ratio a was 0.0123 and the
ratio p was 10.6. (Sample 2-3) The laminated film was assumed in a manner similar to that of
Sample 2-1 except that the film thicknesses of the individual layers were changed so that the ratio a
was 0.014 and the ratio p was 7.6. (Sample 2-4) The laminated film was assumed in a manner
similar to that of Sample 2-1 except that the film thicknesses of the individual layers were changed so
that the ratio a was 0.0157 and the ratio p was 1.6. (Sample 2-5) The laminated film was assumed
in a manner similar to that of Sample 2-1 except that the film thicknesses of the individual layers were
changed so that the ratio a was 0.0157 and the ratio p was 9. (Sample 3-1) The laminated film was
assumed in@a-manner similar e that-of Sample 1.1 exgept that the total film thickness L was set to 100

nm and the film thicknesses of the individual layers were changed so that the ratio a was 0.0095 and
the B=10,1320°~241.3%0+4.747 ... {(22)

o=-0.0001B*+0.002p+0.0074 ... (23)

In this case, a region shown by hatching which is

surrounded by the approximated curves shown by formulas (21)

to (23) and a straight line shown by the following formula

(24) is a region in which the conditions of the individual

parameters are satisfied., The formula {(24) is set in order

to prevent the thickness of the metal layer from being

decreased to - nm or less.

oa=C.006523 ... (24}

{I=160 nm}

Fig. 22 shows an o-p correlation diagram based on the

conditions of the visgible light transmittance, the blueness

index, and the redness index at a total f£film thickness L of

160 nm. In additicn, in Fig. 22, since predetermined points

ter, B on the boundary line between a region in which the

condition of the visible ficght transmittance ls satisfied

and a region in which the conditicon of the visible light
transmittance is not satisfled are coutside the region shown
by hatching, the points are nobt shown in the figure. Based
on the points on the boundary lines of the individual
parameters plotted in the o-f correlation diagram, the

approximated curves of the boundary lines of the individual

parameters shown by the fcllowing formulas (25) tc (28) are
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ratio p was 4.2. (Sample 3-2) The laminated film was assumed in a manner similar to that of
Sample 3-1 except that the film thicknesses of the individual layers were changed so that the ratio a
was 0.0122 and the ratio p was 6.6. (Sample 3-3) The laminated film was assumed in a manner
similar to that of Sample 3-1 except that the film thicknesses of the individual layers were changed so
that the ratio a was 0.0129 and the ratio p was 4.8. (Sample 3-4) The laminated film was assumed
in a manner similar to that of Sample 3-1 except that the film thicknesses of the individual layers were
changed so that the ratio a was 0.0129 and the ratio p was 7.4. (Sample 3-5) The laminated film
was assumed in a manner similar to that of Sample 3-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was 0.0146 and the ratio p was 4.8. (Sample 4-1)

cbtained.

o=-0.0058°+0.0273B~0.0145 ... (25)
0=0.0043Pp°-0.0332B+0.07 ... (26}
P=2.875 ... (27)
o=-0.0001p*+0.0025B+0.0062 ... (28)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas {25)
te {28) and a straight line shown by the following formula
(29) is a region in which the conditions of the individual
parameters are satisfied. The formula (29) is set in crder
to prevent the thickness of the metal layer from being
decreased to 5 nm or less.
a=0.005676 ... (29}

{L=180 nm)

Fig. 23 shows an o-P correlation diagram based on the
conditions of the visible light transmittance, the blueness
index, and the redness index at a total film thickness L of
180 nm, In addition, in Fig. 23, since predetermined points
(e, B} on the boundary line belwzen a2 region in which ths
condition of the visible light transmitftance is szatis
and a reglon in which the condition of fhe wvisible light
transmittance is not satisfled are oubtsice the reglon shown
by hartching, the polnts are not shown in the figure. Based
on the points on the boundary lines of the individual

parameters plotted in the o-f correlation diagram, the



The laminated film was assumed in a manner similar to that of Sample 1-1 except that the total film
thickness L was set to 120 nm and the film thicknesses of the individual layers were changed so that
the ratio a was 0.0094 and the ratio p was 3. (Sample 4-2) The laminated film was assumed in a
manner similar to that of Sample 4-1 except that the film thicknesses of the individual layers were
changed so that the ratio a was 0.0111 and the ratio p was 4.6. (Sample 4-3) The laminated film
was assumed in a manner similar to that of Sample 4-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was 0.0128 and the ratio p was 4. (Sample 4-4)
The laminated film was assumed in a manner similar to that of Sample 4-1 except that the film
thicknesses of the individual layers were changed so that the ratio a was 0.0128 and the ratio p was
5.8. (Samplg4s5) : md hedaminated film was assumed-in a mannerssimilar {6 thatof.sample 4-1
except that the film thicknesses of the individual layers were changed so that the ratio a was 0.0145
and the ratioprwag 3 rs shown by the following formulas (30) to (32) are

obtained.

o=-0,0103p%+0.0478~0.0322 ... (30}
@=0.0093R"-0.0677B+0.1212 ... (31}
o=-0.0003B*+0.0036B+0.0046 ... (32)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas {(30)
to {32) and a straight line shown by the following formula
(33) 1s a region in which the conditions of the individual
parameters are satisfied. The formula (33) is set in order
Lo prevent the thickness c¢f the metal layer from being
decreased to 5 nm or less.
a=0.00498 ... (33)

Next, besides the above visible light transmittance,
blueness index, and redness 1ndex, the case in which the
shielding factor is used as the parameter will be described
for respective total film thicknesses L of the reflective
laver 3.

{L=80C nm)

Fig. 24 shows an o-f correlation diagram based on the
conditions of the visible light transmittance, the blueness
index, the redness index, and the shielding factor at a
total film thickness L of 80 nm. In Fig. 24, a point "x"

indicates a predetermined polint on the boundary line between



(Sample 5-1) The laminated film was assumed in a manner similar to that of Sample 1-1 except
that the total film thickness L was set to 140 nm and the film thicknesses of the individual layers were
changed so that the ratio a was 0.0065 and the ratio p was 2.4. (Sample 5-2) The laminated film
was assumed in a manner similar to that of Sample 5-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was 0.0082 and the ratio p was 3.8. (Sample 5-3)
The laminated film was assumed in a manner similar to that of Sample 5-1 except that the film
thicknesses of the individual layers were changed so that the ratio a was 0.0099 and the ratio p was
1.6. (Sample 5-4) The laminated film was assumed in a manner similar to that of Sample 5-1
except that the film thicknesses of the individual layers were changed so that the ratio a was 0.0099

andtheraﬁ%pf%a§§éhﬁ$%mﬁ%%5%%e conditicn of the shielding factor is

satlisfied and a region in which the condition of the

shielding factor is not satisfied. In Fig. Z4

il
-
fl
L
5
0
D

predetermined points (¢, B) on the boundary line betwsan &
region in which tThe condition of the wvisible Light

14

Transmittance i1s satisfled and a regi in which the

=
O
o

condition of the visible 1ight transmittance is not

dn

o

satisfled are gutside the region shown by hatching,
points are not shown in the figure. In Figs. 25 to 30 which
will be described below, the above point also has the sane
meaning as that described above.

In addition to the approximated curves of the boundary
lines shown by formulas (5) to {7), based on the points on
the boundary line of the shielding factor plotted in the o-B
correlation diagram, the approximated curve of the boundary
line shown by the following formula (34) 1s obtained.
a=—6x107° B2 +0. 00023+0.0141 ... (34)

In this case, a reglon shown by hatching which is
surrocunded by the approximated curves shown by formulas (5)
to (7) and formula (34} is a region in which the conditions
of ail the parameters are satisfied.

(L=20 nm)

Fig. 25 shows an o-B correlatiocon diagram based on the

conditions of the visible light transmittance, the blueness

index, the redness index, and the shielding factor at a



The laminated film was assumed in a manner similar to that of Sample 5-1 except that the film
thicknesses of the individual layers were changed so that the ratio a was 0.0116 and the ratio p was
1.6. (Sample 6-1) The laminated film was assumed in a manner similar to that of Sample 1-1 except
that the total film thickness L was set to 160 nm and the film thicknesses of the individual layers were
changed so that the ratio a was 0.0057 and the ratio p was 2.2. (Sample 6-2) The laminated film
was assumed in a manner similar to that of Sample 6-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was 0.0074 and the ratio p was 3.6. (Sample 6-3)
The laminated film was assumed in a manner similar to that of Sample 6-1 except that the film
thicknesses of the individual layers were changed so that the ratio a was 0.0091 and the ratio p was
1.6. (Sample &-4) ¢ ; Thedaminated film was assymed in.a manner similar, to-that of Sample 6-1
except that the film thicknesses of the individual layers were changed so that the ratio a was 0.0108
and the ratie pwasil:2determined points (o, [B) on the boundary line

between a region in which the condition of the visible light

£

1

transmittance is satisfied and a region in which the
condition of the visible light *ransmittance 1s not

fied are cutside the reglon shown by hatching, the
polnts are not shown in the figure. In addition to the
approximated curves of the boundary lines shown by formulas
(9) to (11), based on the points on the boundary line of the
shielding factor plotted in the u-f correlation diagram, the
approximated curve of the boundary line shown by the
following formula (35} 1is obtained.
o=—1x107°B4+0.0002B+0. 0125 ... (35)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas {(9)
to (11) and formula (35) is a region in which the conditions
of all the parameters are satisfied.

{(IL=100 nm)
Fig. 26 shows an a-f correlation diagram based on the

conditions of the visible light transmittance, the blueness

index, thes redness index, and the shielding factor at a

total film thickness L of 100 nm. In addition, in Fig. 26,
since predetermined points (o, #) on the boundary lins
between & region in which the condition of the wvisible light

transmittancs is satisfied and & region in which the
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(Sample 6-5) The laminated film was assumed in a manner similar to that of Sample 6-1 except
that the film thicknesses of the individual layers were changed so that the ratio a was 0.0125 and the
ratio p was 3.2. (Sample 7-1) The laminated film was assumed in a manner similar to that of
Sample 1-1 except that the total film thickness L was set to 180 nm and the film thicknesses of the
individual layers were changed so that the ratio a was 0.005 and the ratio p was 1.8. (Sample 7-2)
The laminated film was assumed in a manner similar to that of Sample 7-1 except that the film
thicknesses of the individual layers were changed so that the ratio a was 0.0067 and the ratio p was
3.4. (Sample 7-3)  The laminated film was assumed in a manner similar to that of Sample 7-1
except that the film thicknesses of the individual layers were changed so that the ratio a was 0.0101
and the ratioqy,was:2: {Sample</-4) s .1 The laminated-film was-asstimed imadmanner similar to that of
Sample 7-1 except that the film thicknesses of the individual layers were changed so that the ratio a
was 0.0118=arid the Faticp was 1:6.ce the region shown by hatching, the

points are not shown in the figure. In additicn to the
approximated curves of the boundary lines shown by formulas
{12} to {15), based on the points on the boundary line of
the shielding factor plotted in the o~ correlation diagram,
the approximated curve of the boundary line shown by the
foellowing formula (36) is obtained.
o=~3x107°B*+0.0004B+0.0113 ... {(386)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (13)
to (15) and formula (36} 1is a region in which the conditions
of all the parameters are satisfied.

(L=120 nm)

Fig. 27 shows an o-f correlaticn diagram based on the
conditions of the wigible light transmittance, the blueness
index, the redness index, and the shielding facteor at =z
total film thickness L of 120 nm. In addition, in Fig. 27,

since predetermined points (o, B) on the boundary line

. F =

hetween a region in which the condition of the wvisibkble light

transmittance is satisfied and regicn in which the

Q3

condition of the visible light transmittance 1s not

&

atisfied are outgide the recion shown by hatching, the

®

points are not shown in the figure. In addition to the

approximated curves of the boundary lines shown by formulas



(Sample 7-5) The laminated film was assumed in a manner similar to that of Sample 7-1 except
that the film thicknesses of the individual layers were changed so that the ratio a was 0.0135 and the
ratio p was 2. [Simulation results] The results of the simulation on the laminated films of Sample
1-1 to Sample 7-5 are shown in Table 1. REDNESS INDEX | szvo | 9030

(17) to {(19), based on the polints on the boundary line of
the shielding factor plotted in the a-B correlation diagram,
the approximated curve of the boundary line shown by the
following formula (37) is obtained.

o==Tx107°B*+0. 0007B+0.0097 ... (37)

In this case, a region shown by hatching which is
surrounded by the approximated curves shown by formulas (17)
to {19} and formula {(37) is a region in which the conditions
of all the parameters are satisfied.

(L=140 nm)

Fig. 28 shows an o-f correlation diagram based on the
conditions of the wvisible light transmittance, the blueness
index, the redness index, and the shielding factor at a

total film thickness L of 140 nm. In addition, in Fig. 28,

i

seints (o, B on the boundary line

since predefermined points {

between a reglon in which the condition of the vigible light
transmittance 1s satisfied and a reglon in which the
condition of the wigible light transmittance is not
gsatiafied are outside the reglon shown by hatching, the
points are not shown in the figure. In addition to the
approximated curves of the boundary lines shown by formulas
{21) to (23), based on the points on the boundary line of
the shielding factor plotted in the a-B correlation diagram,

the approximated curve of the boundary line shown by the

following formula (38) is obtained.
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o=-0.0001B*+0.0011P+0.0083 ... (38)

In this case, a regilon shown by hatching which is
surrounded by the approximated curves shown by formulas (21)
te (23) and formula (38) 1s a region in which the conditicns
of all the parameters are satisfied.

{L=160 nm)

Fig. 29 shows an o~-pP correlation diagram based on the
conditions of the visible light transmittance, the blueness
index, the redness index, and the shielding factor at a
total film thickness L of 160 nm. In addition, in Fig. 29,
since predetermined pointg {a, B} on the boundary iine

betwsen a region in which the conditicen of the vigible light

4

h

transmittance 1s satis

{

ted and a region in which the
condition of the visible light transmittance is not
satisfied are outside the region shown by hatching, the
points are not shown in the figure. In addition to the
approximated curves of the boundary lines shown by formulas
{25y to (28}, based on the polnts cn the boundary line of
the shielding factor plotted in the o~ correlation diagram,
the approximated curve of the boundary line shown by the
following formula (39) is obtained.
a=-0.0002p%+0.0016B+0.0067 ... (39)

In this case, a region shown by hatching which is

surrounded by the approximated curves shown by formulas (25)

te (28) and formula (39) is a region in which the conditions
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of all the parameters are satisfied.
(L=180 nm)

Fig. 30 shows an o-0 correlation diagram based on the
conditions of the vigible light transmittance, the blueness
index, the readness index, and the shielding factor at a
total f£ilm thickness L. of 180 nm. In addition, in Fig. 30,
since predetermined points (o, $) on the boundary line
between a region in which fthe condition of the visible 1llight
transmittance is satisfied and a region in which the
condition of the wvisible light transmittance is not
satlsfied are outside the region shown by hatching, the
points are not shown in the figure., In addition to the
approximated curves of the hkoundary lines shown by formulas
(3C) to (3Z), based cn the pcints on the boundary line of
the shielding factor plotted in the o-P correlation diagram,
the approximated curve of the boundary line shown by the
following formula (40} is obtained.
o=-0.0003B°+0.0021P+0.0055 ... (40)

In this case, a region shown by hatching which is
surrcunded by the approximated curves shown by formulas (30)
to (32) and formula (40) is a region in which the conditions
of all the parameters are satisfied.

Next, in the case in which the teotal film thickness 1

is other than the specific thickness, a method for

determining a region which satisfies the conditions of the
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individual parameters will be described. Fig. 31 shows the
case in which the regions which satisfy the conditions of
the individual parameters determined based on the a-f
correlation diagrams shown in Figs. 17 to 23 are mapped on a
three~dimensional plane using the ratio o, the ratio 3, and
the total film thickness L as the axes. In this example,
the region which satisfies the conditions of the individual
parameters 1s shown when the visible light transmittance,
the blueness index, and the redness index are used as the
parameters. In addition, predetermined points (o, B} on the
boundary line at each L value between a region in which the
condition of the viaible light transmittance is satisfied

N

and a region in which the condition of the visible

i

e
=3

transmittance is not satisfied and an approximated curve
obtained from the group of the points described above are
outside the ragion at sach L wvalus shown by hatching in Fig.
31, the points and the approximated curve are not shown in
the figure.

As shown in Fig. 31, it is believed that the regions
which satisfy the conditiong of the individual parameters
are continuous with respect to the total film thickness L.
Hence, 1n the case in which the total film thickness is
other than the specific thickness, a regicon enclosed by

regions at specific total film thicknesses L adjacent to

each other and straight lines connecting between
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corresponding peaks of the above adjacent regions is defined
as a region which satisfies the conditions cof the individual
parameters.

First, the case in which the visible light
transmittance, the blueness index, and the redness index are
used as the parameters, and the total film thickness L is
set to a value between specific total film thicknesses L
will be described.

(80 nm<L<90 nm)

When the total film thickness L is in a range of 80 to
90 nm, based on the information on the peaks cf the regions
which satisfy the conditions of the individual parameters
shown in Figs. 17 and 18, the following formulas {41} to

{44) are obtained.

(B-0.5)/0.67={t—-0.01059}/0.00152478=(90-L} /10 ... (41)
(B=5.5)/3.75={=0.01059)/0.00152478=(90-L) /10 ... (42)
(5—10.4)/10.6:(a~0.01516)/0.0GOG7768=}90—L)/1O -.. (43)
(B-0.8)/0.45=(0—-0.01161)/0.0008471=(20~%) /10 ... {44}

In this case, the region enclosed by the regions shown
in Figs. 17 and 18 and the straight lines shown by formulas
(41) to (44) is a region which satisfies the conditions of
the individual parameters.

(90 nm=L<100 nm)
When the total film thickness L is in a range of 90 to

100 nm, based on the information on the peaks of the regions
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which satisfy the conditions of the individual parameters
shown in Figs. 18 and 1%, the following formulas (45) to

{(48) are obtained.

(0.7-P)/0.2={a-0.0094) /0.001185%4=(100-1)/1C ... (45)
(B~4.4)/1.1=(0—0.0094) /0.00118594=(100~L) /10 ... (46)
(B-6.5)/3.9=(0—0.01432)/0.0008471={100-L) /10 ... (47)
(1-B) /0.2=(a-0.01093) /0.00067768=(100~1) /10 ... (48)

In this case, the region enclosed by the regions shown
in Figs. 18 and 19 and the straight lines shown by formulas
(45) to (48) is a region which satisfies the conditicns of
the individual parameters.

(100 nmzl=£120 nm)

When the total film thickness L is in a range of 100 to
120 nm, based cn the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 19 and 20, the following fermulas (49) to

{52) are obtailined.

(B-0.6)/0.1=(a-0.00771)/0.0016942=(120-L)/20 ... (49)
(B~3.6)/0.8={a-0.00771)/0.0016942=(120-1L)/20 ... (50)
(B-4.25)/2.25=(a-0.0133)/0.00101652=(120-L)/20 ... (51)
(B-0.9)/0.1={a-0.00974)/0.00118594=(120~-L) /20 ... (52)

In this cass, the region enclosed by the regicns shown
in Figs. 19 and 20 and the straight lines shown by formulas
(49) to (52) is a region which satisfies the conditicns of

the individual parameters.
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(120 nmsL=140 nm)

When the total film thickness L is in a range of 120 to
140 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 20 and 21, the following feormulas (53) to

{56} are obtained.

(0.75-3)/0.15=(a-0.00652) /0.001185%94=(140-L) /20 ... (53)
(3.65~3)/0.05=(-0.00652)/0.001185%94=({140-L) /20 ... (54)
(f~3.3)/C.95={a-0.01245) /0.0008471=(140~-1)/20 ... (55)

(3.47~3)/2.57=(c-0.00754)/0.00220246={140-L) /20 ... {56)

In this case, the region enclosed by the regions shown
in Figs. 20 and 21 and the straight lines shown by formulas
{53) to (56) is a region which satisfies the conditions of
the individual parameters,

{140 nmgLL160 nm)

When the toftal film thickness L is in a range of 140 Lo
160 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 21 and 22, the following formulas (57) to

(60) are obtained.

(0.9-B)/0.15=(a—-0.00568) /0.0008471=(160-1L) /20 ... {57}
(3.8-B)/0.15=(a-0.00568)/0.0008471=(160-L)/2C ... {58}
(-2.85}/0.45={(a~0.01203}/0.00042355=(160-L) /20 ... (59)
(p-1.03)/2.42=(0.00864-a) /0.00110123=(160-1320 ... (60)

In this case, the region enclosed by the regions shown

- 101 -



BLUENESS INDEX L171.0 e.no 6910 6171:0 821:0

in Figs. 21 and 22 and the straight lines shown by formulas
(57) to {60) is a region which satisfies the conditions of
the individual parameters.
(160 nm<L<iBO nm)

When the total film thickness L is in a range of 160 to
180 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 22 and 23, the following formulas (61) to

{64) are obtained.

{(1.05-03)/0.15=(a—-0.005) /0.00067768={180-L) /20 ... (el)
(B-2.75)/1.05=(a—-0.005)/0.00067768={180-L) /20 ... (62)
(B-2.4)/0.45=(0~0.01177}/0.00025413=(180-L) /20 ... (63)
{(1.2-B)/0.15={0—-0.00856)0.00008471=(180-L) /20 ... (64)

In this case, the region enclosed by the regions shown
in Figs. 22 and 23 and the straight lines shown by formulas
{61) to {64} is a regicn which satisfies the conditions of
the individual parameters.

Next, the case in which, besides the wvisibkle light
transmittance, the blueness index, and the redness index,
the shielding factor is used as the parameter and the total
film thickness L is set to a value between specific total
film thicknesses T will be described.

As in the case in which the visible light transmittance,
the blueness index, and the redness index are used as the

parameters, it is believed that regions which satisfy the
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individual parameters are continucus with respect to the
total film thickness L. Hence, a region enciosed by regions
at specific total film thicknesses L adijacent to each other
and straight lines connecting between corresponding peaks of
the above adjacent regionsg is defined as a region which
satisfies the conditions of the individual parameters.
{80 pm<L<80 nm}

When the total film thickness 1L is in a range of 80 to
90 nm, based on the information on the pesaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 24 and 25, the feollowing formulas (65) to

(68) are obtained.

(B-0.8)/11.6={(x~0.01161)/0.00398137=(90~L} /10 ... (65)
(P-8.9)/10.4=(a~0.01398)/0.00152478=(90-L) /10 ... (66)
(B~10.4)/10.6={0—-0.01516)/0.00067768={30-L} /10 ... (&7}
($-4.9)/16.1={e-0.01347)/0.00237188=(90-L) /10 ... (68)
(B-4.9)/7.5=({o~0.01347)/0.00211775=(90~-L)/10 ... (69)

In this case, the region enciosed by the regions shown
in Figs. 24 and 25 and the straight lines shown by formulas
(65) to (69) are a region which satisfies the conditieons of
+the individual parameters.

(80 nm=L<100 nm)

When the total film thickness L 1s in a range of 20 to

100 nm, based on the information on the peaks of the regions

which satisfy the conditions of the individual parameters
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shown in Figs. 25 and 2%, the fcollowing formulas (70) to

(73} are obtained.

(1-P)/0.2={a~0.01093}/0.0067768=(100~L, /10 ... (70)

(B-5.8)/3.1={@~-0.01262)/0.00135536~=(100-L) /10 ... (71}
(B~6.5)/3.9=(0-0.01432)/C.0008471={100-L) /10 ... (72}
($-2.8)/2.1={a-0.0122)/0.00127065=(100-1L) /10 ... (73)

In this case, the region enclosed by the regions shown
in Figs. 25 and 26 and the straight lines shown by formulas
(70} to (73) are a region which satisfies the conditions of
the individual parameters.

(100 nm<L<120 nm)

When the total film thickness L is in a range cof 100 to
120 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 26 and 27, the followiling formulas {74) to

{(77) are obtained.

(B-0.9)/0.1=(a-0.00974)/0.00118594=(120-L}/20 ... (74)
(B-4)/1.8=(—0.01144)/0.00118594=(12C0-1L}20 ... (753)

(B-4.25y/2.25={a-0.0133)/06.00101652=(120-1) /20 ... (76}
(B-1.7)/1.1={a~0.01076)/0.00144007=(120-L)/20 ... (77)

In this case, the region enclosed by the regions shown
in Figs. 26 and 27 and the straight lines shown by formulas
(74) to (77) are a reglion which satisfies the conditions of
the individual parameters.

{120 nmslE140 nm)
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When the total film thickness L is in a range of 120 to
140 nm, based con the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 27 and 28, the following formulas (78) to

(81} are obtained,

(1-f/0.1={0-0.00923} /0.00050826=(140-L) /20 ... (78)

{(B-3.3)/0.7=(0-0,01042)/0.00101652=(140-1L) /20 ... (79)
{B-3.3}/0.95={-0.01245)/0.0008471=(140~-L)/20 ... (80)
(B-1.1)/0.6=(0~-0.0094) /0.00135536=(140~-1)/20 ... (81)

In this case, the region enclosed by the regions shown
in Figs. 27 and 28 and the straight lines shown by formulas
{78) to (81l) are a region which satisfies the conditions of
the individual parameters.

{140 nm<L<le0 nm)

When the total film thickness L is in a range cof 140 to
160 nm, based on the information on the peaks of the regions
which satisfy the conditions of the individual parameters
shown in Figs. 28 and 29, the following formulas (82) to

{85) are obtained.

{1.05-B)/0.05=(a~0.00822)/0.00101652=(160-L) /20 ... (82)
(B-2.85)/0.45={e~0.00991)/0.00050826={160-L)/20 ... (83)
(P~2.85)/0.45=(a~-0.01203)/0.00042355=(160-L) /20 ... {(84)
(B-1.05)/0.05=(a~0.00864)/0.00076239=(160-L) /20 ... (85)

In this case, the region encleosed by the regions shown

in Figs., 28 and 29 and the straight lines shown by formulas
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(82) to (85) are a region which satisfies the conditions of
the individual parameters.
(160 nmIL<L180 nm)

When the total film thickness I is in a range ¢f 160 to
180 nm, based on the information on the peaks of the reglions
which satrigfy the conditions of the individual parameters
shown in Figs. 2% and 30, the following formulas (86) to

(88} are obtalned.

{1.15-B}/0.1={a-0.00754) /0.00067768={180-L) /20 ... (86}
(B~2.35)/0.3={0-0.00889) /0.00101652=(180~-L) /20 ... (87)
(B-2.4)/0.45={a-0.01177)/0.00025413=(180-1)/20 ... (88}
(1.2-3)/0.15={-0.00856) /0.00008471=(180~-L) /20 ... (89)

In this case, the region enclosed by the regions shown
in Figs. 2% and 30 and the straight lines shown by formulas
{(86) to (B9) are a region which satisfles the conditions of
the individual parameters.

As described above, when the total film thickness L is
set and the £ilm thicknesses of the individual layers are
set so that the ratio o and the ratioc B are in the region
shown by hatching, a laminated film which satisfies the
conditions of the individual parameters can be formed.

As described above, when the total film thickness L is
other than the specific value, a regicon enclosed by regions
at specific total film thicknesses 1, adjacent to each other

and straight lines connecting between corresponding pesaks of
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the adjacent regions is defined as a regilon which satisfies
the conditions of the individual parameters; however, the
region is not limited to this example. For example, when
the total film thickness I. is other than the specific value,
a region in which regions at specific total film thicknesses
L adjacent to each other are overlapped may be defined as a
region which satisfies the conditions of the individual
parameters.

First, the case in which the visible light
transmittance, the blueness index, and the redness index are
used as the parameters will be described. Fig. 32A shcws a
graph in which when the visible light transmittance, the
blueness index, and the redness are used as the parameters,
regicns which satisfy the conditions of the individual
parameters are mapped on the same plane. In this example,
the reglons at tetal film thicknesses L of 160 and 180 nm
are shown.

As shown in Fig. 3224, when the regions at the specific
total film thicknessez 1L adjacent to each other are mapped
on the same plane, a region in which the two regions are
overlapped with each other 1s formed. In this case, the
cverlapped region can be defined as a region which satisfies
the conditions of the individual parameters. The overlapped
region can be determined based on the approximated curves

forming the respective regions.



(B0 nm<L<90 nm)

Wnen the total film thickness L is in a range of more
than 80 to less than 90 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 17 and 18, the region surrounded by the following
formulas {8), (10}, and (11} satisfies the conditicns of the

individual parameters.

a=0.012114 ... (8)
o=-3x10°f*+0.0014B3+0.0038 ... (10)
o=-2x107°B*+0.0006B+0.0112 ... (11)

{90 nm<L<100 nm)

When the total film thickness L is in a range of more
than 90 to less than 100 nm, based con the regions which
satisfy the conditions of the individual parameters shown in
Figs. 18 and 19, the region surrounded by the following
formulas (11) to (15) satisfies the conditions of the

individual parameters,

o=-2x107°F*+0.00068+0.0112 ... (11}
a=0.010589 ... (12)
o=-0.0002B*+0.0055B+0.0057 ... (13)
a=~0,0002p*+0.0045B-0.0067 ... (14)
a:—4x104B2+o.001B+0.0099 cee (15

(100 nm<L<120 nm)
When the total film thickness L is in a range of more

than 10C to less than 120 nm, based on the regicons which
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satisfy the conditions of the individual parameters shown in
Figs. 19 and 20, the region surrounded by the following
formulas (15) to {19) satisfies the conditions of the

individual parameters.

o=—4x107°B*+0.001p+0.0099 ... (15)
a=0.009403 ... (16)
a=-0.0003p*+0.0074PB+0.0033 ... (17}
0=-0.0014f3%+0.0191p-0.0422 ... (18)
o=-9x107"B+0.0015B+0.0084 ... (19)

(120 nm<L<140 nm)

When the total film thickrness L 1s in a range of more
than 120 to less than 140 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 20 and 21, the region surrounded by the fcllowing
formulas (20) to {23) satisfies the conditions of the

individual parameters.

a=0.007709 ... (20)
a=-0.0014B°+0.0136B-0.0027 ... (21}
B=1C,1320°~241.3%a+4.747 ... (22)

o=-0.0001B*+0.002B+0.0074 ... (23)

(140 nm<L<160 nm}

When the total film thickness L is in a range of more
than 140 to less than 160 nm, based on the reglons which
satisfy the conditions of the individual parameters shown in

Figs. 21 and 22, the region surrounded by the following
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formulas (23) to (28) satisfles the conditions of the

individual parameters.

o=-0.0001p°+0.002B+0.0074 ... (23)
a=0.006523 ... (24)
o=-0.005p*+0.0273B~0.0145 ... (25)
0=0.0043B%-0.0332B+0.07 ... (26)
B=2.875 ... (27)
a=—-0.0001p%+0.0025B+0.0062 ... (28)

(160 nm<L<180 nm)

When the total film thickness L is in a range of more
than 160 to less than 180 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 22 and 23, the region surrounded by the following
formaulas (28) to (32) satisfies the conditions of the

individual parameters.

o=-0.0001f%+0.0025B+0.0062 ... (28)
a=0.005676 ... (29)
a=—-0,0103p+0.047B-0.0322 ... (30)
a=0.0093R%-0.0677p+0.1212 ... (31)
o=-0.0003B*+0.0036B+0.0046 ... (32)

Next, besides the visible light transmittance, the
blueness index, and the redness index, the case in which the
shielding factor is used as the parameter will be described.
Fig. 32B shows a graph in which when the visible light

transmittance, the blueness index, the redness index, and
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the shielding factor are used asg the paramelters, regions
wnich satisfy the conditions of the individual parameters
are mapped on the same plane. In this example, the regions
at total film thicknesses 1L of 160 and 180 nm are shown.

As shown in Fig. 32B, when the regions at the specific
total film thicknesses L adjacent to each other are mapped
on the same plane, a reglon in which the two regions are
overlapped with each cther is formed. In this case, the
overlapped region can be defined as a region which satisfies
the conditions of the individual parameters. The cverlapped
region can be determined based on the approximated curves
forming the respective regions.

In addition, when the total film thickness is in a
range of more than 80 to less than 20 nm, even if the
regions which satisfy the conditions of the individual
parameters shown 1in Figs. 24 and 25 are mapped on the same
plane, no overlapped region therebetween is present; hence,
the regicn which satisfy the conditions of the individual
parameters may not be determined by this method.

(90 nm<L<i00 nm)

When the total film thickness L is in a range of more
than %0 to less than 100 nm, based on the regicons which
satisfy the conditions of the individual parameters shown in
Figs. 25 and 26, the region surrounded by the following

formalas (11), (14), (15), and (35) satisfiles the conditions
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of the individual parameters.

o=-2x107*F*+0.0006B+0.0212 ... (11}
o=-0.0002p*+0.0045B-0.0067 ... (14)
a=—4x107°B*+0.001B+0.009% ... (15)

a=-1x10"°B*+0.0002B+0.0125 ... (35)

(100 nmm<l<120 nm}

When the total film thickness L is in a range of more
than 100 to less than 120 nm, bassd on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 26 and 27, the region surrounded by the following
formulas (15), (18), (19) and (36) satisfilies the conditions

of the individual parameters.

a=-4x107°f?+0.001B+0.0099 ... (15)

a=-0.0014B*+0.0191p-0.0422 ... {18)
o=~9x107B*+0.0015B+0.0084 ... (19)
o=-3x107B*+0.0004B+0.0113 ... (36)

(120 nm<IL<1l40 nm)

When the total film thickness 1 is in a range of more
than 120 to less than 140 nm, based on the regicns which
satisfy the conditions of the individual parameters shown in
Figs. 27 and 28, the region surrounded by the following
formalas (19), (22), (23), and {37) =satisfles the conditions
of the individual parameters.
o=-9x10°B*+0.0015B+0.0084 ... {19)

B=10,1320°~241.3%a+4.747 ... (22)
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0=-0.0001B%+0.002B+0.0074 ... (23)
a==Tx107°B%+0.0007B+0.0087 ... (37)
{140 nm<L<160 nm)

When the total film thickness L is in a range of more
than 140 to less than 160 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 28 and 29, the region surrounded by the following
formulas (23}, (26), (28), (27) and (38) satisfies the

conditions of the individual parameters.

a=-~0.0001B*+0.002B+0.0074 ... (23}
o=0.0043B*~0.0332B+0.07 ... (26)
o=-0.0001B"+0.0025B+0.0062 ... (28)
B=2.875 ... (27)
a=-0.0001f%+0.0011B+0.0083 ... (38)

(160 nm<iL<180 nm)

When the total film thickness L is in a range of more
than 160 to less than 180 nm, based on the regions which
satisfy the conditions of the individual parameters shown in
Figs. 29 and 30, the region surrounded by the following
Formulas (28), (30}, (32), {(39), and (40) satisfies the

conditions of the individual parameters.

o=-0.0001B*+0.0025B+0.0062 ... (28)
o=-0.0103p%+0.0478-0.0322 ... (30)

o=—-0.0003p%+0.0036B+0.0046 ... (32}
o=-0.00023*+0.0016B+0.0067 ... (39)
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a=-0.0003B°+0.0021B+0.0055 ... (40)

According to the first embodiment, when the region
which satisfies the conditions of the individual parameters
is determined with respect to the ratio a and the ratio J
deternmined in accordance with the film thicknesses of the
individual layers of the reflective layer 3, and the film
thickness of the reflective layer 2 is set so that the ratio
o and the ratio B are included in this region, the change in
color tone can be suppressed.
<Mcdified Examples>

Hereinafter, modified examples cof the above embodiment
will be described.

{First Modified Example]

Fig. 33A is a ¢ross-sectional view showing a first
modified example according to the first embodiment of the
present invention. As shown in Fig. 33A, an optical film 1
according to this first modified example has an incident
surface 81 having a concave~convex shape. The concavo-
convex shape of this incident surface 51 and a concavo-
convex shape of a first optical layer 4 are formed, for
example, so that the concavo-convex shapes thereof may
correspond to each other, and the position cof the vertex of
each convex portion and the pcsition of the bottom of each
concave portion of the incident surface S1 coincide with

those of the first optical layer 4. The concavo-convex
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shape of the incident surface 51 is preferably gentler than
the concaveo-convex shape of the first cptical layer 4.
[Second Modified Exampie]

Fig. 33B is a cross-sectional view showing a second
modified example according to the first embodiment of the
present invention. As shown in Fig. 33B, in an optical film
1 according to this second modified example, the position of
the vertex of each convex portion of a concavo-caonvex
surface of a first optical layer 4 on which a reflective
layer 3 is formed is formed to have a height approximately
eguivalent to the height of an incident surface 81 of the
first optical layer 4.
<Z. Second Embodiment>

Figs. 34A to 37B are views each showing an example of
the structure of an optical film according to a second
embodiment of the present invention. In the second
embodiment, elements corresponding to those in the first
embodiment are designated by the same reference numerals as
those in the first embodiment. In the second embodiment,
structures 4c are two-dimensionally arranged in one primary
surface of a first optical layer 4, and this is a point
different from that ¢f the first embodiment. The two-
dimensional arrangement is preferably a two-dimensicnal
arrangement in a closest-packed state. The reason for this

is that the directional reflectance can be improved.
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As shown in Figs. 34A and 34B, for example, one primary
surface of the first cptical layer 4 is formed so that
columnar structures (pillar shaped structures) 4c are
arranged to orthogonally intersect each other. In
particular, Ffirst structures 4¢ arranged in a first
directicn and second structures 4c arranged in a second
direction perpendicular to the first direction are arranged
so as to penetrate each other through side surfaces thereof.
For example, the columnar structure 4c is a convex portion
or a concave portion having a columnar shape, such as a
prism shaper (Fig. 34A) or a lenticular shape (Fig. 324B) or
a convex portion or a concave portion thereof in which a
vertex of the column has a polygonal shape (such as a
pentagenal shape (Fig. 34C).

In addition, for example, structures 4c each having a
spherical shape or a corner cube shape may be two-
dimensionally arranged in one primary surface of the first
optical layer 4 1in a closest-packed state so as to form a
clogse-packed array, such as a square close-packed array, a
delta close-packed array, or a hexagonal close-packed array.
As shown 1n Figs. 35A to 35C, for example, the square close-
packed array is formed by arranging structures 4c¢ each
having a guadrangular bottom surface (such as a sguare
shape) in a sguare cloese-packed state, that is, in a matrix

state (a lattice state}. For example, as shown in Figs. 36A
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to 36C, the hexagonal close-packed array is formed by
arranging structures 4c each having a hexagonal bottom
surface in a2 hexagonal close-packed state. For example, as
shown in Figs. 37A and 37B, the delta close-packed array is
formed by arranging structures 4¢ each having a triangle
bottom surface (such as a triangular pyramid) in a closest-
packed state.

The structure 4c 1s a convex portion or a concave
portion of a corner cube shape, a hemispherical shape, a
semi-ellipsoidal shape, a prism shape, a cylindrical shape,
a free-form shape, a polygonal shape, a conical shape, a
polygenal pyramid shape, a truncated cone shape, a
praraboloidal surface shape, or the like. The bottom of the
structure 4c has, for example, a clrcular shape, an
elliptical shape, or a polygonal shape, such as a triangular
shape, a quadrangular shape, a hexagonal shape, or an
octageonal shape. A pitch Pl and a pitch PZ of the structure
dc are preferably appropriately selected in accordance with
desired optical properties. In addition, when the primary
axlis of the structure 4c is Iinclined with respect to the
normal orthogonal Lo an incident surface of an optical film
1, it is preferable that the primary axis of the structure
4c 1s inclined in at least cne arrangement direction of the
two-dimensional arrangement of the structures 4c, When the

optical film 1 is adhered on a window material arranged in a
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direction approximately perpendicular to the ground, it is
preferable that the primary axis of the structure 4c is
inclined to a2 lower side of the window material (ground
side) with respect to the normal.

When the structure 4c¢ has a corner cube shape, if a
ridgeline R is large, the primary axis 1is preferably
inclined skyward, and in crder to suppress downward
reflection, the primary axis is preferably inclined to the
ground side. Since bkeing obliquely incident on a film,
suniight is not likely to reach the back of the structure,
and hence, the shape thereof at an incident light side 1is
important. That is, when R of a ridgeline portion 1s large,
the amount of retroreflection light is decreased, and hence,
by inclining the primary axis skyward, this phenomenon can
he suppressed. In addition, in the corner cube boedy, when
refiection is performed three times at a reflection surface,
the retroreflection can be realized; however, light
partially leak in a direction other than that of the
retroreflection when reflection is performed twice. By
inclining the corner cube to the ground side, a large part
of this leakage light can be returned skyward. As described
above, in accordance with the shape and/or the purpose, the
primary axis may be inclined in any direction.
<3. Third Embodiment>

Fig. 38A is a crogss-sectional view showing one
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structural eiample of an optical film according to a third
embodiment of the present invention. In the third
embodiment, elements corresponding to those in the first
embodiment are designated by the same reference numerals as
those in the first embodiment, and descriptions therecof are
omitted. In the third embodiment, reflective layers 3
inclined to the incident surface on which light is incident
are included in an optical layer 2 and are arranged in
parallel to each other, and this is a pcoint different from
that of the first embodiment.

Fig. 38B 1s a perspective view showing one example of
the structure of the optical film according to the third
embodiment of the present invention. Structures 4c are each
a convex portion of a triangular column extending in one
direction and are cne-dimensicnally arranged in cne
direction. A crcss-section of the structure 4c
perpendicular to the extending direction has, for example, a
right triangle shape. On the inclined surface of the
structure 4c at an acute angle side, the reflective laver 3
is formed, for example, by a thin film~forming method, such
as a deposition method or a sputtering methed, having
directivity.

BAccording to the third embodiment, a plurality of
reflective layers 3 is arranged in parallel in the optical

layer 2. According to this structure, the number of
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reflections by the reflective laver 3 can be reduced as
compared to that in the case in which the structure 4c
having a corner cube shape or a prism shape is formed.
Hence, the reflectance can be increased, and the absorption
of light by the reflective layer 3 can be reduced.
<4, Fourth Embodiment>

In a fourth embodiment, light having a specific
wavelength is directicnally reflected, light having a
wavelength other than the specific wavelength 1s scattered,
and this is a point different from that of the first
embodiment. An optical film 1 includes a light scattering
material scattering incident light. This scattering
material 1s provided, for example,‘at at least cne of places
located on a surface of an optical laver 2, in the optical
layer 2, and between a reflective layer 3 and the optical
layer 2. The light scattering material is preferably
provided at at least one of places located between the
reflective layer 3 and a first optical layer 4, in the first
optical laver 4, and on the surface therecof. When being
acdhered to a support member, such as a window material, the
optical film 1 may be applied to either an indoor side or an
outdoor side. When the optical film 1 is adhered to the
cutdoor side, a light scattering material scattering light
having a wavelength other than the specific wavelength is

preferably provided only between the reflective layer 3 and
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the support member, such as a window material. The reason
for this is that when the light scattering material is
present between the reflective laver 3 and an incident
surface, directional reflection properties are lost. In
addition, when the cptical film 1 is adhered to the indoor
gide, the light scattering material is preferably provided
between the reflective layer 3 and an emission surface
opposite to the adhesion surface.

Fig. 3%A is a cross-sectional view showing a first
structural example of the optical film 1 according tce the
fourth embodiment of the present invention. As shown in Fig.
38h, the first optical layer 4 contains a resin and fine
particles 11. The fine particles 11 have a different
refractive index from that of the resin which is a primary
component of the first optical laver 4. As the fine
particles 11, for example, at least one type cof organic
particles and inorganic particles may be used. In addition,
hollow fine particles may also be used as the fine particles
11. As the fine particles 11, for example, inorganic
particles, such as silica or alumina, or crganic particles,
such as a polystyrene, an acrylic resin, or a copolymer
thereof, may be mentioned, and sillica fine particles are
particularly preferable.

Fig. 39B is a cross-sectional view showing a second

structural example of the optical film 1 according to the
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fourth embodiment of the present invention. As shown in Fig.
398, the coptical film 1 further includes a light diffusion
layer 12 on the surface c¢f the first optical layer 4. The
light diffusicon laver 12 centains, for example, a resin and
fine particles. As the fine particles, the same particles

as those described above may be used,.

Fig. 39C is a cross—-sectional view showing a third
structural example of the optical film 1 according to the
fourth embodiment of the present inventicn. As shown in Fig.
39C, the optical film 1 further includes a light diffusion
layer 12 between the reflective layer 3 and the first
cptical layer 4. The light diffusion layer 12 contains, for
example, a resin and fine particles. 2As the fine particles,
the same particles as those described above may be used.

According to the fourth embodiment, light, such as
infrared light, having a specific wavelength can be
directionally reflected, and light, such as visible light,
having a wavelength other than the specific wavelength, can
be scattered. Therefore, when the optical film 1 is made
clouded as described above, design characteristics may be
imparted thereto.
<&. Fifth Embodiment>

Fig. 40A is a cross-sectional view showing cne
structural example of an optical film according to a fifth

embodiment cof the present invention. In the fifth
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embodiment, elements corresponding to those in the first
embediment are designated by the same reference numerals as
those in the first embodiment, and descriptions thereof are
omitted. As shown in Fig. 40A, in an optical film 1
according to the fifth embodiment, a concavo-convex surface
of an optical layer Za 1s not embedded with & resin material,
and a reflective laver 3 formed on the concavo-convex
surface of the optical layer Za 1s exposed; hence, this is a
point different from that of the first embodiment. The
optical film 1 has an incident surface S1 having a concavo-
convex shape on which light, such as sunlight, is incident
and an emission surface 32 from which, of light incident on
this incident surface 31, light transmitting the optical
film 1 is emitted.

If necessary, the optical film 1 may further include a
base member Zb on the emission surface 52 of the cptical
layer Z2a. In addition, if necessary, the optical film 1 may
further includes a bonding layer 6 and a peeling laver 7 on
the emisslion surface 52 of the optical layer 2a or on the
base member Zb. BAs the optical layer Za and the base member
Zb, members similar to the first cptical layer 4 and the
base member 4a in the first embediment may be used,
respectively.

Fig. 40B is a cross-~sectional view showing cne example

in which the cptical film according to the fifth embodiment
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of the present invention is adhered to an adherend. As
shown in Fig. 40B, the emission surface $2 of the optical
film 1 is adhered, for example, to an adherend 10a with the
bonding layer 6 interposed therebetween. As the adherend
10a, a window material, & klind, a relling screen, a pleated
screen, or the like is preferable.

According to the fifth emboediment, since the concavo-
convex surface of the optical layer 2a on which the
reflective laver 3 is formed is used as the incident surface
31, scme of incident light is scattered by the incident
surface S1, and scme of light which 1s no scattered
transmits the optical film 1. Hence, an opague optical film
1 can be obtained althcough the brightness of light can be
sensed by incident light. The optical film 1 having
preoperties as described above is preferably used, for
example, for an intericr member, an exterior member, or an
insolation shielding member, each of which is used to
protect perscnal privacy, and more particularly, for a
window material, a bklind, a reolling screen, a pleated screen,
or the like.
<&, Sixth Embodiment>

Fig. 41 is a cross—-sectional view showing one
structural example of an optical film according to a sixth
embodiment of the present inventicn. 1In the sixth

embodiment, a self-cleaning effect layer 51 having a
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cleaning effect is further provided on an exposed surface,
which i1s one of an incident surface 51 and an emission
surface 32 of an optical film 1, cpposite tc a surface
adhered to an adherend, and this is a peoint different from
that of the first embodiment. The self-cleaning effect
layer contains, for example, a photocatalyst. As the
photocatalyst, for example, Ti0, may be used.

As described zbove, the optical film 1 allows incident
light to partially transmit therethrough. For example, when
the optical film 1 is used ocutdoors or in a very dirty room,
light is scattered by dust attached Lo the surface of the
optical film 1, and transmission properties and reflection
properties therecf will be lost; hence, the surface of the
optical film 1 preferably maintains optically transparency
at any time. Therefore, it is preferable that the surface
is excellent, for example, in water~repellent or hydrophilic
properties and automatically exhibits a cleaning effect.

Acceording to the sixth embodiment, since the optical
film 1 includes a self-cleaning effect layer 51, for example,
water-repellent c¢r hydrophilic properties can be imparted to
the incident surface., Therefore, adhesion of stalins or the
like to the incident surface is suppressed, and degradation
in directional reflection properties can be suppressed.
<7. Seventh Embodiment>

In the first embodiment, although the case in which the
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present invention is applied, for example, to a window
material is described by way of example, the present
invention is not limited thereto and may alsc be applied to
an interior member, an exterior member, or the like other
than the window material. In addition, kbesides fixed
interior members and exterior members, such as walls and
roofs, the present invention may alsc be applied to a device
which can introduce sunlight into a space, such as a room,
by moving an interior member or an exterior member to adjust
a transmission quantity and/or a reflection quantity of
sunlight in accordance with the change in light gquantity of
sunlight caused by the change in seascns and times. In a
seventh embodiment, as one example of the device described
above, an insolation shielding device (blind device) will be
described which is able to adjust a shielding guantity of
incident light by changing the angle of an insclation
shielding member group including a plurality of insolation
shielding members.

Fig. 42 is a perspective view showing one structural
example of a blind device according teo the seventh
embodiment of the present invention. As shown in Fig. 42, &
blind device 201 which is anrn insolation shielding device
includes a head box 203, a slat group (insolation shielding
member group) 202 formed of a plurality of slats (feathers)

202a, and a bottom rail 204. The head box 203 is provided
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above the slat group 202 formed of a plurality of slats Z20Za.
From the head box 203, a ladder code 206 and an up-and-down
code 205 extend downward, and the bottom rail 204 is
suspended at the lower ends of these codes. The slats 202a
which are insclation shielding members each have, for
example, a leng and narrow rectangular shape and are
suspended and supported with predetermined intervals by the
ladder code 206 extending downward from the head box 203.
In addition, an operation unit (not shown), such as a rod,
for adiusting the angle of the slat group 202 formed of a
plurality of slats 20Za is provided in the head box 203.

The head box 203 is a driving unit which adjusts the
quantity of light introduced into a space, such as a room,
by rotating the slat group 202 formed of a plurality of
slats 202a in response to the operation of the opesration
unit such as a rod. In addition, the head box 203 also
functions as a driving unit (up-and-down unit} of
appropriately moving the zlat group 202 up and down in
response to the operation of an operation unit such as an
up-and~down operation code 207.

Fig. 43A is a cross-sectional view showing a first
structural example of the slat. &As shown in Fig. 4334, the
slat 202a includes & base member 211 and an optical film 1.
of the two primary surfaces of the base member 211, the

cptical film 1 is preferably provide at an incident surface
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side (for example, a side facing a window material) on which
outdoor light is incident when the slat group 202 is clesed.
The optical film 1 and the base member 211 are bonded tc
each other, for example, with a boending layer, such as an
acdhesive layer or a tacky layer.

As the shape of the base member 211, for example, a
sheet, a film, or a plate shape may be mentioned. As a
material for the base member 211, for example, a glass, a
resin material, a paper material, or a cloth material may be
used, and in consideration of introduction of visible light
into a predetermined space, such as a room, a resin material
having transparency is preferably used. As a glass, a resin
material, a paper material, or a cloth material, a material
which is commonly used as a related rolling screen may be
used. As the coptical film 1, the optical films 1 according
to the first to the sixth embodiments may be used alone or
in combination.

Fig. 43B is a cross-sectional view showing a second
structural example of the slat. As shown in Fig. 43B, in
this second structural example, an optical film 1 is used as
the slat 202a. It is preferable that the optical film 1 can
be supported by ths ladder code 206 and has rigidity sc as
tc maintain its shape while being supported.
<8, Eighth Embodiment>

In an eighth embodiment, a rolling screen device will
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be described which is one example of an insolation shielding
device capable of adjusting the shielding guantity of
incident light by rolling up or out an inscletion shielding
member.

Fig. 44A is a perspective view showing one structural
example of the rolling screen device according to the eighth
embodiment of the present invention. As shown in Fig. 44A,
a rolling screen device 301 which is an insclation shielding
device includes a screen 302, a head box 303, and a core
material 304. The head box 303 is configured to move the
screen 302 up and down by operating an operation unit, such
as a chain 305. The head box 303 has a roller to roll up
the zcreen inside and to roll it out, and one end of the
screen 302 is bonded to this roller. In addition, the core
material 304 1s bonded to the other end of the screen 302,
The screen 302 has flexibility, and the shape thersof is not
particularly limited and is preferably selected in
accordance with the shape of a window material or the like,
such . as a rectangular shape, to which the rolling screen
device 301 is applied.

Fig. 44B is a cross-secilonal view showing one
structural example of the screen 302. As shown in Fig. 44B,
the screen 302 includes a base member 311 and an optical
film I and preferably has flexibility. Of the two primary

-

surfaces of the base member 311, the optical film 1 is
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preferably provided at an incident surface side (side facing
a window material) on which outdocr light is incident. The
optical film 1 and the base member 311 are bonded to each
other, for example, by a bonding layer, such as an adhesive
layer or a tacky layer. In addition, the structure cf the
screen 302 is not limited to this example, and the optical
film 1 itself may also be used as the screen 302.

As the shape of the base member 311, for example, a
sheet, a film, or a plate shape may be mentioned. As a
material for the base member 311, for example, a glass, a
resin material, & paper material, or a cloth material may be
used, and in consideration of introduction of visible light
into a predetermined space, such as a room, a resin material
having transparency is preferably used. As & glass, a resin
material, a paper material, or a cloth material, a material
which is commonly used as a related rolling screen may be
used. As the optical film 1, the optical films 1 according
to the first to the sixth embodiments may be used alcne or
in combination.
<9. Ninth Embodiment:>

In a ninth embodiment, an example will be described in
which the'present invention is applied to a fitting {(an
interior member or an exterior member) having a lighting
portion in which an optical element having directicnal

reflection properties is providad.
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Fig. 45A is z perspective view showing one structural
example of a fitting according to the ninth embodiment of
the present invention. As shown in Fig. 45, a fitting 401
has the structure in which an optical element 402 is
provided in a lighting portion 4C4. In particular, the
fitting 401 includes the optical element 402 and a frame
member 403 provided along the periphery thereof. The
optical element 402 is fixed by the frame member 403, and 1f
necessary, the optical element 402 can be removed by
disassembling the frame member 403. As the fitting 401, for
example, although a paper shielding door, such as a Japanese
shoji, may be mentioned, the present invention is not
limited to this example and may also be applied to varicus
fittings each having a lighting portion.

Fig. 45B is a cross—-sectional view showing one
structural example of the optical element 402. As shown in
Fig. 45B, the optical element 402 includes a base member 411
and an optical film 1. ©Of the two primary surfaces of the
base member 411, the optical film 1 is provided at an
incident surface side (side facing a window material) on
which cutdoor light is incident. The optical film 1 and the
base member 411 are bonded to each other, for example, by a
beonding layer, such as an adhesive layer or a tacky layer.
In addition, the structure of the shoji 402 is not limited

to this example, and the optical film 1 itself may alsc be
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used as the optical element 402.

The base member 411 is, for example, a sheet, a film,
or a substrate, each ¢f which has flexibility. As the base
member 411, for example, a glass, a resin material, a paper
material, or a cloth material may be used, and in
consideration of introduction of visible light into a
predetermined space, such as a rocom, a resin material having
transparency 1is preferably used. As a glass, a resin
material, a paper material, or a cloth material, & material
which is commonly used as an optical element of a related
fitting may be used. As the optical film 1, the optical
films 1 according to the first to the sixth embodiments may
be used alone or in combination.

Examples

Hereafter, although the present invention will be
particularly described with reference to examples, this
present invention is not limited cnly to these examples.

In the following examples, the optical properties of a
laminated film were cbtained by simulation in which the
thicknesses of individual layers of the laminated film of a
reflective layer 3 were changed. The simulation was
performed using an optical simulation software "Light Tools"
of Optical Research Associates {0ORA) for each of laminated
films of the following Sample 1-1 to Sample 7-%, and the

values of the visible light transmittance, the shielding
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factor, the blueness index, and the redness index were
obtained by changing the ratioc o and the ratio B.
(Sample 1-1)

First, it was assumed that high refractive-index layers
and metal layers were laminated to form a laminated film
having a five-layer structure. The details ¢f the structure
of this laminated film are shown below.

Lamination structure: high refractive-index layer/metal
layer/high refractive~index layver/metal layer/high
refractive~index layer

Total film thickness L: 80 nm

High refractive-index layer:

Material: GAZO

Befractive index: 1,936

Geometric film thickness of each of the first and the
fifth lavers: ©.73 nm

Geometric film thickness of the third layer: 56.53 nm
Metal layer:

Material: AgNdCu

Refractive index: 0.164

Geometric film thickness of each of the second and the
fourth lavers: 5.0 nm
Ratio o: 0.0121
Ratio P: 8.4

{(Sample 1-2)
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The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0138 and the ratio P was 12.4.

(Sample 1-3)

The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the f£ilm thicknesses of the
individual layers were changed so that the ratio o was
0.0138 and the ratio B was 17.9.

(Sample 1-4)

The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the film thicknesses of the
individual lavers were c¢hanged so that the ratio o was
0.0155 and the ratioc P was 17.4.

(Sample 1-5)

The laminated film was assumed in a manner similar tc
that of Sample 1-1 except that the film thicknesses of the
individual layvers were changed so that the ratio o was
0.0172 and the ratio P was 14.6.

{(Sample Z-1)

The laminated film was assumed in a2 manner similar to
that of Sample 1-1 except that the total film thickness L
was set to 90 nm and the film thicknesses cf the individual
layers were changed so that the ratio o was 0.01C06 and the

ratioc B was 4.
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(Sample 2-2)

The laminated film was assumed in a manner similar to
that of Sample 2-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0123 and the ratio 3 was 10.6.

{Sample 2-3)

The laminated film was assumed in a manner similar to
that of Sample 2-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was 0.014
and the ratic 3 was 7.6.

(Sample 2-4)

The laminated [ilm was assumed in a manner similar to
that of Sample 2-1 sxcept that the film thicknesses of the
individual layers were changed so that the ratio a was
0.0157 and the ratio P was 1.6.

{Sample 2Z-5)

The laminated film was assumed in a manner similar Lo
that of Sample 2-1 except that the f£ilm thicknesses of the
individual layers were changed sco that the ratio o was
0.0157 and the ratio B was 9.

(Sample 3-1)

The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the total film thickness L
was set to 100 nm and the film thicknesses cof the individual

layers were changed so that the ratic ¢ was 0.008> and the
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ratioc P was 4.2.
{Sample 3-2)

The laminated film was assumed in a manner similar to
that of Sample 3-1 axcept that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0122 and the ratic B was 6.6.

{(Sample 3-3)

The laminated film was assumed in a manner similar to
that of Sample 3-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was
0.0129 and the ratioc P was 4.8.

{Sample 3-4)

The laminated film was assumed in a manner similar to
that of Sample 3-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0129 and the ratioc P was 7.4.

{Sample 3-5)

The laminated film was assumed in a manner similar to
that of Sample 3~1 except that the film thicknesses c¢f the
individual layers were changed so that the ratio o was
0.0146 and the ratioc P was 4.8.

(Sample 4-1)

The laminated film was assumed in a manner similar to

that of Sample 1-1 except that the total film thickness L

was set to 120 nm and the film thicknesses of the individual
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091. LAMINATION STRUCTURE (FIRST/SECOND/THIRD/ FOURTH/FIFTH LAYER)
GAZO/AgNdCu/GAZO/ AgNdCu/GAZO GAZO/AgNdCu/GAZO/ AgNdCu/GAZO
GAZO/AgNdCuU/GAZO/ AgNdCu/GAZO GAZO/AgNdCuU/GAZO/

layvers were changed so that the ratioc o was 0.0094 and the
ratio 3 was 3.
(Sample 4-2)

The laminated film was assumed in a manner similar tc
that of Sample 4-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0111 and the ratio P was 4.6.

{(Sanple 4-3)

The laminated film was assumed in a manner similar to
that of 3ample 4-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0128 and the ratio P was 4.

(Sample 4-4)

The laminated film was assumed in a manner similar to
that of Samnple 4-1 except that the film thicknesses of the
individual lavers were changed so that the ratic o was
0.0128 and the ratioc B was 5.8.

(Sample 4-5)

The laminated film was assumed in a manner similar to
that of Sample 4-1 except that the film thicknesses of the
individual lavyers were changed so that the ratio o was
0.0145 and the ratio (3 was 3.

(Sample 5-1)
The laminated film was assumed in a manner similar to

that of Sample 1-1 except that the total film thickness L
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AgNdalGAZO GAZO/AgNdCuU/GAZOI AgNdCu/GAZO 1 GAZO/AgNdCu/GAZO/ AgNdCu/GAZO
GAZO/AgNdCulGAZO/ AgNdCu/GAZO ul _I CI-

was set to 140 nm and the £ilm thicknesses of the 1ndividual
layvers were changed so that the ratio o was 0.0065 and the
ratio P was 2.4.

{Sample 5-2)

The laminated film was assumed in a manner similar to
that of Sample 5-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0082 and the ratic P was 3.8.

(Sample 5-3)

The laminated film was assumed in a manner similar to
that of Sample 5-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.009% and the ratio [} was 1.6.

(Sample 5-4)

The laminated film was assumed in a manner similar to
that of Sample 5-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.00%99 and the ratio [} was 4.2.

{Sample 5-5)

The laminated film was assumed 1n a manner similar to
that of Sample 5-1 except that the film thicknesses of the
individual layers were changed so that the ratio a was
0.0116 and the ratio B was 1.6.

(Sample 6-1)

The laminated film was assumed in a manner similar to
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that of Sample 1-1 except that the total film thickness L
was set to 160 nm and the film thicknesses of the individual
layers were changed so that the ratio « was 0.0057 and the
ratic f§ was 2.2.

(Sample 6-2)

The laminated film was assumed in a manner similar to
that of Sample &-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
G.0074 and the ratio 8 was 3.6.

{(Sample 6-3)

The laminated film was assumed in a manner similar to
that of Sample 6-1 except that the f£ilm thicknesses of the
individual layers were changed so that the ratio o was
0.0091 and the ratio B was 1.6.

(Sample 6-4)

The laminated film was assumed in a manner similar to
that of Sample -1 except that the film thicknesses of the
individual layers were changed so that the ratio o was
0.0108 and the ratio B was 1.2.

{Sample 6-5)

The laminated film was assumed in a manner similar to
that of Sample 6-1 except that the film thicknesses of the
individual lavers were changed so that the ratic o was
0.0125 and the ratic B was 3.2.

{Sample 7-1)
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The laminated film was assumed in a manner similar to
that of Sample 1-1 except that the total film thickness L
was set to 180 nm and the film thicknesses of the individual
layers were changed so that the ratioc o was ¢.005 and the
ratio B was 1.8.

(Sample 7-2)

The laminated film was assumed in a manner similar to
that of Sample 7-1 except that the film thicknesses of the
individual laysrs were changed so that the ratic o was
0.0067 and the ratio P was 3.4.

{Sample 7-3)

The laminated film was assumed in a manner similar to
that of Sample 7~1 excepi that the film thicknesses of the
individual layers were changed so that the ratic o was
0.0101 and the ratio B was 2.

(Sample 7-4)

The laminated film was assumed in a manner similar to
that of Sample 7-1 except that the film thicknesses of the
individual layers were changed sc that the ratio o was
0.0118 and the ratic P was 1.6.

(Sample 7-5)

The laminated film was assumed in a manner similar to
that of Sample 7-1 except that the film thicknesses of the
individual layers were changed so that the ratio o was

0.0135 and the ratio  was 2.
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[Simulation resulis]
The results of the simulation on the laminated films of

Sample 1-1 to Sample 7~5 are shown in Table L.
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When the visible light

80 nm)

transmittance, the blueness index, and the redness index are used as the parameters, since Samples
1-1, 1-2, and 1-4 satisfy the conditions of the individual parameters, the set ratio a and ratio p are in
the region show in Fig. 17. In Sample 1-3, the condition of the blueness index is not satisfied, and
hence, the set ratio a and ratio p are out of the region shown in Fig. 17. In Sample 1-5, the conditions

Z-G E-L 17-L19-L From Table 1, the following are found. (L
of the visible li

p are in the region.s

satisfied, and hef
When the visibledight

. (73]
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individual parameters, the set ratio a and ratio p are in the region show in Fig. 18. In Sample 2-2, the
condition of the blueness index is not satisfied, and hence the set ratio a and ratio p are out of the
region shown in Fig. 18. In Sample 2-4, the conditions of the visible light transmittance, the blueness
index, and the redness index are not satisfied, and hence, the set ratio a and ratio p are out of the
region shown in Fig. 18. In Sample 2-5, the condition of the redness index is not satisfied, and hence,
the set ratio a and ratio p are out of the region shown in Fig. 18. In addition, besides the visible
light transmittance, the blueness index, and the redness index, when the shielding factor is further
used as the parameter, in Sample 2-3, the condition of the shielding factor is also satisfied, and hence,
the set ratio a and ratio p are in the region shown in Fig. 25. In Sample 2-1, the condition of the

shielding factor ismefsatisfied, and heacecthe-setratio-a andyatiQ p are out of the region shown in
Fig. 25. (L=100 nm) When the visible light transmittance, the blueness index, and the redness

index are uséd &8 thejparameters, since Samples 3-1 and 3-3 satisfy the conditions of the individual
parameters, the seitlra}l'uotgean‘g, rsaﬂg)l% afte in the regrlf?n show in Flgrta%Q. g‘iggr@oles 3-2 and 3-4, the

iy e 1 1cht trghsmittance e .S
condition of the blueness’index isnot sa |s?|ea, and Hence, the sét ratio a and ratio p are out of the

region shownyin:kig. 49, Inpample3-55 the ganditions . of dhe yisibledight transmittance and the
redness index are not satisfied, and hence, the set ratio a and ratio p are out of the region shown in
Fig. 19. damadditiomesidés the Visible dight fraAsmittande; the bluenesstindes, and the redness
index, when the shieldin%grctor is further used as the ?arameter, in Sample 3-3, the condition of the

shielding fabtF is Afso’ satiéted” ANTRaIdE ths &t 7&tio Aand ratio™p aré i tife PegioR shown in Fig.
26. In Samplg 3-1 . the.candition of the shieldingfactor is figt satisfied; and,hence.he;sat ratio

of the blueness index is not satisfied, and hence, the set
ratio o and ratic B are out of the regicn shown in Fig. 17.
In Sample 1-5, the conditions of the visible light
transmittance and the redness index are not satisfied, and
hence, the set ratioc o and ratio B are out of the region
shown in Fig. 17.

In addition, besides the visible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sampls
1-4, the condition of the shielding factor is also satisfied,
and hence, the set ratio ¢ and ratio B are in the region
shown in Fig. 24. In Samples 1-1 and 1-2, the condition of
the shielding factor is not satisfied, and hence, the set
ratic o and ratio B are out of the region shown in Fig. 24.
{L=90 nm)}

When the visible light transmittance, the blueness
index, and the readness index are used as the parameters,

since Samples 2-1 and 2-3 satisfy the conditicns of the
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a and ratio O are out of the region shown in Fig. 26. (L-120 nm) When the visible light
transmittance, the blueness index, and the redness index are used as the parameters, since Samples
4-1 and 4-3 satisfy the conditions of the individual parameters, the set ratio a and ratio p are in the
region show in Fig. 20. In Samples 4-2 and 4-4, the condition of the blueness index is not satisfied,
and hence, the set ratio a and ratio p are out of the region shown in Fig. 20. In Sample 4-5, the
conditions of the visible light transmittance and the redness index are not satisfied, and hence, the set
ratio a and ratio p are out of the region shown in Fig. 20. In addition, besides the visible light
transmittance, the blueness index, and the redness index, when the shielding factor is further used as
the parameter, in Sample 4-3, the condition of the shielding factor is also satisfied, and hence, the set

ratio a and ratigiR-are I thestegier shown-ineFige 27 - In Sample 4«1 . theiconglition of the shielding
factor is not satisfied, and hence, the set ratio a and ratio p are out of the region shown in Fig. 27.
(L-140 nm) theWhani the visible light transifittande) therbldenéssiindekeand thié rédmesstindex are
used as the parameters, since Samples 5-1 and 5-3 satisfy the conditions of the individual parameters,

the set ratio"a &nd rafid P are T tha regiclt ShoRin FigT21. MPSampies s 2 8nd B4, “the condition of

the blueness index is;natsaiisfied, and hengg, the sgt ratio,a and ratiomn gre gut of the region shown in
Fig. 21. In Sample 5-5, the conditions of the visible light transmittance and the redness index are not
satisfied, arthhgnce,1hé set raticarand ratics pafre Owt of tlse pégiohishiown in Fig. 21. In addition,
besides the visible light transmittance, the blueness index, and the redness index, when the shielding

factor is furthef U8Bd %%%%ar%et@?ﬁﬁ@érﬁpfé@%f ’th@%%naﬁﬁ)nrﬁfitﬁﬁss%i&’aﬁ?gxfa%{& is also

satisfied, not satisfied, and hence, the set ratio o and ratio P are

out of the region shown in Fig. 18. In'Sample 2-5, the
condition of the redness index is not satisiled, and hence,
the set ratio o and ratio P are out of the region shown in
Fig. 18.

In addition, besides the wvisible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample
2-3, the conditicn of the shielding factor is also satisfied,
and hence, the set ratio o and ratio P are in the region
shown in Fig. 25. In Sample 2-1, the condition of the
shielding factor is not satisfied, and hence, the set ratic
o and ratic B are out of the region shown in Fig. 25.

(L=100 nm)

When the visible light transmittance, the blueness
index, and the redness index are used as the parameters,
since Samples 3-1 and 3-3 satisfy the conditions of the
individual parameters, the set ratio ¢ and ratio §§ are in

the region show in Fig. 19. In Samples 3-2 and 3-4, the



and hence, the set ratio a and ratio p are in the region shown in Fig. 28. In Sample 5-1, the condition
of the shielding factor is not satisfied, and hence, the set ratio a and ratio p are out of the region shown
in Fig. 28. (L=160 nm) When the visible light transmittance, the blueness index, and the redness
index are used as the parameters, since Samples 6-1 and 6-3 satisfy the conditions of the individual
parameters, the set ratio a and ratio p are in the region show in Fig. 22. In Samples 6-2 and 6-5, the
condition of the blueness index is not satisfied, and hence, the set ratio a and ratio p are out of the
region shown in Fig. 22. In Sample 6-4, the conditions of the visible light transmittance and the
redness index are not satisfied, and hence, the set ratio a and ratio p are out of the region shown in
Fig. 22. In addition, besides the visible light transmittance, the blueness index, and the redness

index, when-the;shielding factae isfurther dsed-as.the parameter -in-sample 6r3; the condition of the
shielding factor is also satisfied, and hence, the set ratio a and ratio p are in the region shown in Fig.
29. In Sample®-$ctheredridition afithe shietdifigdaetor id not satisfied: @hd-henceythé set ratio a and
ratio p are out of the region shown in Fig. 29. (12=180 nm When the visible light transmittance,

nm)
the bluenes&'ifidex, and tHe rédiFess indax ard Usea i the parameters, Sifce Safpléd 71 and 7-3
satisfy the onglitions. of.the.individual parameters, theset ratio a andJsatiop-atesin thesegion show in
Fig. 23. In Sample 7-2, the condition of the blueness index is not satisfied, and hence, the set ratio a
and ratio p aenoat, oftthe regionrshawndn gl 23 dnSdmples Pudcand 7:5ethesconditions of the visible
light transmittance and the redness index are not satisfied, and hence, the set ratio a and ratio p out of
the region shoWH'in'Eigh23: ' 9n addition, besides the visible light transmittance, the blueness index,

and the redness index,yhen fhe spieldiggfactor is furtharaised as the parameterin.Sample 7-3, the

condition of the shielding factor is also satisfied, and hence, the set ratio a and ratio p are in the region
shown in Fighd0blhuSarmyple 7rt<the contlitivre of-thenshielding factowis=mott$atisfied, and hence, the
set ratio a and ratio 13 are out of the region shown in Fig. 30.

shielding facter is further used as the parameter, in Sample

3-3, the condition of the shielding factor 1s also satisfied,

and hence, the set ratic ¢ and ratic B are in the region

shown in Fig. 26. In Sample 3-1, the condition of the

shielding factor is not satisfied, and hence, the set ratio

o and ratio P are out of the region shown in Fig. 26.

(L=120 nm)

When the visible light transmittance, the blueness

index, and the redness index are used as the parameters,

since Samples 4-1 and 4-3 satisfy the conditions of the

individual parameters, the set ratic o and ratio B are in

the region show in Fig. 20. In Samples 4-Z and 4-4, the

condition of the blueness index is not satisfied, and hence,

the set ratio o and ratioc B are out of the region shown in

Fig. 20. In Sample 4~5, the conditions of the visible light

transmittance and the redness index are not satisfied, and

hence, the set ratio o and ratio B are out of the region

- 145 -



Heretofore, although the embodiments of the present invention have been particularly described, the
present invention is not limited to the above embodiments, and various modifications may be made
without departing from the technical scope of the present invention. For example, the structures, -
methods, shapes, materials, numerical values, and the like described in the above embodiments are
only used by way of example, and if necessary, for example, different structures, methods, shapes,
materials, and numerical values from those described above may also be used. In addition, the
structures of the above embodiments may be used in combination without departing from the spirit and
scope of the present invention. In addition, in the above embodiments, although the case in which
the blind device and the rolling screen device are manually operated is described by way of example,
the blind devicesandthe rallingscreen device may be electrically operated. In addition, in the
above embodiments, although the structure in which the optical film is adhered to an adherend, such
as a window material 2idHeseribedisys wWag of exaniplel e sthdetuife T Whigh AR aefferend, such as a
window ma%)rieal if fglr_lmgtsj oif Ig_i&e }f{irstaor{ C}hg s@eco&?n%iscai%%/& itsel,II of th% é)ptical film may also be
used. Accor mgF, the flnction of directlonaPrefFec joncan be mbaﬁeg%e orehand to an optical
element, sughias a wigdewcmaterial. rurlhadditiensintheaRoveembodients, althppgh the case in
which the optical element is an optical film is described by way of example, the shape of the optical
element is otdimitéc to-afifint apd fof exampid) eplaieor A0I6eKk shapé hiay aRbilFEdsed.  In the
above embodién?nts, altho%%h th%cas% in which the pre.sené invention ishaé)plied to an interior member
or an exteriof member, such as’ 8 window materia, 5?i¥t|lnog, 2 SIBF of A biind device, or a screen of a

rolling screem devicey, is-described by yvay:gf.example, the presgntinventionris.pet limited to the case
described above and may also be applied to an interior member and an exterior member other than
those mentignedlabove. factor is not satisfied, and hence, the set ratio
¢ and ratic 3 are out of the region shown in Fig. 27.
{(I=140 nm)
When the visible light transmittance, the blueness
index, and the redness index are used as the parameters,
since Samples 5-1 and 5-3 satisfy the conditions of the
individual parameters, the set ratic « and ratic [ are in
the region show in Fig. 21. In Samples 5-2 and 5-4, the
condition of the blueness index is not satisfied, and hence,
the set ratic ¢ and ratio P are out of the region shown in
Fig. 21. 1In Sample 5-5, the conditions of the wvisible light
transmittance and the redness index are not satisfied, and
hence, the set ratic o and ratio § are out of the region
shown in Fig. Z1.
In addition, besides the wvisible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample

5-3, the condition of the shielding factor is alsc satisfied,

- 146 -



As the interior member or the exterior member to which the optical element according to an
embodiment of the present invention is applied, for example, an interior member or an exterior
member formed from the optical element itself and an interior member or an exterior member formed
from a transparent base member to which a directional reflector is adhered may be mentioned. By
installing the interior member or the exterior member as described above in the vicinity of a window
inside a room, for example, only infrared rays can be directionally reflected outside, and visible rays
can be introduced inside. Accordingly, when the interior member or the exterior member is installed,
the necessity for interior illumination is also reduced. In addition, since scatter reflection into a room
hardly occurs by the interior member or the exterior member, an increase in ambient temperature can
also be suppressed ds addition;dn aceotdancezwith recessraparposeshsucikasavisibility control and
improvement in strength, the optical element may also be applied to a bonding member other than a

transparentBsg& membBed - 2n addtiotelir e above BrfbddiRfehts CAlthibugh fhe case in which the
present Invepilon (x applied 10,2 blind,devies, 2nd & [aliing seraedevice s deserived by way of
example, the present invention is not limited to this case and may also be applied to various insolation
shielding devieesita-be installeddn the interionef asgopmorsbuilding Fikn.addition, in the above
embodiments, although the case in which the present invention is applied to an Insolation shielding
device (suchlas &%oflig screen device) capable of adjusting the shielding quantity of incident light by
rolling up or out an.insolation shieldi ember._is described by way.of ex I e present invention
is not limited to tﬁ@shggsg}forvéfir%g%, he %%esté:néitrfﬁ\r;lér%?oanﬂr%%ﬁ/ agg E%ﬁg%%]%s to an insolation
shielding daviee gapable ehadjusting the shielding:quantityiokincidentdight by felding up an Insolation
shielding member. As the insolation shielding device as described above, for example, there may be
mentioned & pleatediestréen deviceirdwhich thetskidldirg uantity ofinsidertlightts adjusted by

folding up a,scresn, which. s an Insolation shielding mempey, inio,an accorgion o, n the above
embodiments, étho&g% tHe CASE I which the presenialnven%lton IS app ied to a horizontal blind device

(venetian blind device)is deserined by yvay of exampiesdhe present invention maynalso be applied to
an upright blind device (vertical blind device). The present application contains subject matter
related to thatisclosed o Japanése: Prietity Patet ApplicationalP 2010045909 filedds the Japan
Patent Office on March 2, 2010, the entire coptents of which air:%geretﬁ/. inrcl:or%%rated by reference.

[

It should be tfdérstodd by thSs& 8RiIIEE T the’ aftthat Variods modificatior

ons, %om%néﬁlons,
sub-combingatigns and alterations maay; ogcur-dependingon-design requiremernts and.ofher factors

insofar as they are within the scope of the appended claims or the equivalents thereof.
transmittance and the redness index are not satisfied, and
hence, the set ratio ¢ and ratio § are out of the region
shown in Fig. 22.

In addition, besides the visible light transmittance,
rhe blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample
6-3, the condition c¢f the shielding factor is also satisfied,
and hence, the set ratio ¢« and ratio P are in the region
shown in Fig. 29. In Sample 6-1, the condition of the
shielding factor is not satisfied, and hence, the set ratio

o and ratio § are out of the region shown in Fig. 29.

(L=180 nm)
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WHAT IS CLAIMED IS: 1. An optical element comprising:  first optical layer having a light emission
surface; a wavelength-selective reflective layer provided on the first optical layer; and a second
optical layer provided on the wavelength-selective reflective layer and having a light incidence surface,
wherein the wavelength-selective reflective layer has a structure including at least five layers in which
high refractive-index layers and metal layers are alternately laminated to each other, when a
geometric film thickness L of the entire wavelength-selective reflective layer is 80 nm, a ratio a of an
optical film thickness of the entire metal layers to an optical film thickness of the entire high
refractive-index layers and a ratio p of an optical film thickness of a third high refractive-index layer
from one of a first optical layer side and a second optical layer side to an optical film thickness of a first
high refractive-indexlayentherefrom are inghuded imarfit steregien sutroundeddysthe following formulas

(1) to (4), when the geometric film thickness L of the entire wavelength-selective reflective layer is 90
nm, the ratibi%hd teratiodp BFETHGIEdHTE sSEEBndTRYic sift6uRdéd By theTollowing formulas

O e L s, e e
first region, the secand regior aatthe folawingformulas (9) tor(d2yatio B are in

the regicn show in Fig. 23. In Sample 7-2, the ccndition of

the blueness index 1s not satisfied, and hence, ths set

ratioc o and ratio B are ocut of the region shown in Fig. 23.

In Samples 7-4 and 7-5, the conditions of the visible light

transmittance and the redness index are not satisfied, and

hence, the set ratio a and ratio P out of the region shown

in Fig. 23.

In addition, besides the visible light transmittance,
the blueness index, and the redness index, when the
shielding factor is further used as the parameter, in Sample
7-3, the condition of the shielding factor is also satisfied,
and hence, the set ratio o and ratioc B are in the region
shown in Fig. 30. In Sample 7-1, the conditicon of the
shielding factor is not satisfied, and hence, the set ratioc
. and ratic B are out of the region shown in Fig. 30.

Heretofore, although the embodiments of the present
invention have been particularly described, the present
invention is not limited to the above embodiments, and
varicus modifications may be made without departing from the
technical scope of the present invention.

For example, the structures, methods, shapes, materials,
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a-0.00042+0.0054+0.0065 ... (1) a=-1x10-5132+0.0007P+0.0066 ... (2) a-Ix10132+0.0005P+0.0119 ...
(3) a=0.012114 ... (4) a-0.00042+0.0039[3+0.0087 ... (5) a=-3x10-132+0.0014P+0.0038 ... (6)
a=-2x10-5132+0.0006P+0.0112 ... (7) a=0.010589 ... (8)
(P-0.5)/0.67=(a-0.01059)/0.00152478--(90-L)/10 ... (9) (1-5.5)/3.75-(a-0.01059)/0.00152478-(90-L)/10
.. (10) (P-10.4)/10.6=(a-0.01516)/0.00067768=(90-L)/10 ... (11)

numerical wvalues, and the like described in the above
embodiments are only used by way of example, and 1if
necessary, for example, different structures, methods,
shapes, materials, and numerical values from those described
above may also be used.

In addition, the structures of the above embodiments
may be used in combinaticn without departing from the spirit
and scope of the present invention.

In addition, in the above embodiments, although the
case in which the blind device and the rolling screen device
are manually operated is described by way of example, the
blind device and the rolling screen device may be
electrically coperated.

In addition, in the above embodiments, although the
structure in which the optical film is adhered to an
adherend, such as a window material, is described by way of
aexample, the structure in which an adherend, such as a
window material, is formed of the first or the second
optical layer itself of the optical film may alsc be used.
Accordingly, the function of directional reflection can be
imparted beforehand to an optical element, such as a window
material.

In addition, in the above embodiments, although the
case in which the optical element i1s an optical film is

described by way of example, the shape of the optical
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(P-0.8)/0.45-(a-0.01161)/0.0008471-(90-L)/10 ... (12). 2. An optical element comprising: a first optical
layer having a light emission surface; a wavelength-selective reflective layer provided on the first
optical layer; and a second optical layer provided on the wavelength- selective reflective layer and
having a light incidence surface, wherein the wavelength-selective reflective layer has a structure
including at least five layers in which high refractive-index layers and metal layers are alternately
laminated to each other,  when a geometric film thickness L of the entire wavelength-selective
reflective layer is 90 nm, a ratio a of an optical film thickness of the entire metal layers to an optical film
thickness of the entire high refractive-index layers and a ratio p of an optical film thickness of a third
high refractive-index layer from one of a first optical layer side and a second optical layer side to an
optical film Hiekrass dfsa fiest High refractive-indexilayertheretsomearaninciuded inla fiest region
surrounded by the following formulas (5) to (8),  when the geometric film thickness L of the entire
wavelengthSelctRiC FafleThivBIayérisLotPn i thié F&tio a and the ratio p are included in a second

region surroundeqlt;ytt e f%%\g@ge;%@&l{%?g@ to él(}@1 O% tg\éhe&ghee g%o%_ttrj:%ﬁlm thickness L
. o) r @

of the entire wavelength-selective reflective layer'is in a range of 90 to 100 nm, the ratio a and the ratio
p are includeddnga-space enclosetliby thesficgbragion, the secand regien, archithe-fallowing formulas
(17) to (20)

exterior member, such as a window material, a fitting, a

slat of a blind device, or a screen of a rolling screen

device, is described by way of example, the present

inventicn is not limited to the case desc:ibed above and may

alsc be appliied to an interior member and an extericr member

other than those menticned above.

As the interior member cor the exterior member to which
the optical element according to an embodiment of the
present invention 1s applied, for example, an interior
member or an extericr member formed from the optical element
itself and an interior member or an exterior member formed
from a transparent base member to which a directional
reflector is adhered may be mentioned. By installing the
interior member or the exterior member as described above in
the vicinity of a window inside a rcom, for exampie, only
infrared rays can be directionally reflected outside, and
visible rays can be introduced inside. Accordingly, when
the interior member or the exterior member 1s ilnstalled, the
necessity for interior illumination is also reduced. 1In

addition, since scatter reflection into a room hardly occurs

by the interior member or the exterior member, an increase
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a --0.00042+0.0039P+0.0087 ... (5) a=-3x10-5P2+0.0014P+0.0038 ... (6)
a=-2x10-5P2+0.0006p+0.0112 ... (7) a =0.010589 ... (8) a=-0.00042+0.0055P,-0.0057 ... (13)
a=-0.0002P2+0.0045P-0.0067 ... (14) a=-4x10-5P2+0.001P+0.0099 ... (15) a=0.009403 ... (16)
(0.7-P)/0.2=(a-0.0094)/0.00118594=(100-L)/10 ... (17) (P-4.4)/1.1 -(a-0.0094)/0.00118594=(100-1)/10
... (18) (13-6.5)/3.9=(a-0.01432)/0.0008471=(100-L)/10 ... (19)

in ambilent temperature can also be suppressed. In addition,
in accordance with necessary purposes, such as visibility
control and improvement in strength, the optical element may
also be applied to a bonding member other than a transparent
base member.

In additicn, in the above embodiments, although the
case 1n which the present invention is applied tc a blind
device and a rolling screen device is described by way of
example, the present invention is not limited to this case
and may also be applied to wvaricus insolation shielding
devices to be installed in the interior of a room or
building.

In addition, in the above embodiments, although the
case in which the present invention is applied to an
insolation shielding device (such as a rolling screen
device) capable of adjusting the shielding guantity of
incident light by rclling up or out an insclation shielding
member is described by way of example, the present invention
is not limited to this case. For example, the present
invention may alsc be applied to an insclation shielding
device capable of adjusting the shielding quantity of
incident light by folding up an inscolation shielding member.
As the insclation shielding device as described above, for
example, there may be mentiloned a pleated screen device in

which the shielding guantity of incident light is adjusted
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(1-p)/3.2-(a-0.01093)/0.00067768=(100-L)/10 ... (20). 3. An optical element comprising: a first optical
layer having a light emission surface; a wavelength-selective reflective layer provided on the first
optical layer; and a second optical layer provided on the wavelength-selective reflective layer and
having a light incidence surface, wherein the wavelength-selective reflective layer has a structure
including at least five layers in which high refractive-index layers and metal layers are alternately
laminated to each other, when a geometric film thickness L of the entire wavelength-selective
reflective layer is 100 nm, a ratio a of an optical film thickness of the entire metal layers to an optical
film thickness of the entire high refractive-index layers and a ratio p of an optical film thickness of a
third high refractive-index layer from one of a first optical layer side and a second optical layer side to
an optical fitm thickness ofia fuskhigherefractivetindex layet therefromareliricluded in a first region
surrounded by the following formulas (13) to (16), when the geometric film thickness L of the entire
wavelength™salegtive reflective |§W§ﬁ%ﬁr|ﬁp¥ﬁb ratio a and the ratio p are included in a second

region surrounde byt e fo %vyflgg fOF é‘l!e;ns 2t152 toégﬂma % th\ghgngge geometric film thickness L
of the entire wavelengt “sélective reflective ayerisina ran%e of 100 to 120 nm, the ratio a and the

ratio p are inekideddpanspacerenelosediby thefirsteegien athessecontkeegion,;and the following
formulas (25) to (28) a-0.0002132-80.0054+0.0057 ... (13)

device {venetian blind device) is déscribed by way of

example, the present invention may also ke applied to an

upright blind device (vertical blind device).

The present application contalins subject matier related
to that disclosed in Japanese Priority Patent Application JP
2010-045909 filed in the Japan Patent Cffice on March 2,
20106, the entire contents of which are hereby incorporated
by reference.

It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements

and other factors inscfar as they are within the scope of

the appended claims or the equivalents thereof.
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a=-0.00042+0.004513-0.0067 ... (14) a=-4x1085132+0.00113+0.0099 ... (15) a=0.009403 ... (16)
a=-0.0003132+0.007413+0.0033 ... (21) a=-0.0014132-80.0194-0.0422 ... (22)
a=-9x1085132+0.001513+0.0084 ... (23) a-0.007709 ... (24)
(13-0.6)/0.1-(a-0.00771)/0.0016942=(120-L)/20 ... (25) (13-3.6)/0.8 --(a-0.00771)80.0016942
=1.120-14/20 ... (26) (11-4.25)/2.258(a-0.0133)/0.00101652,-(120-L)/20 ... (27)

WHAT IS5 CLAIMED IS:

1. An optical element comprising:

a first optical layer having & light emissicon surface;

a wavelength-selective reflective layer provided on the
first optical layer; and

a second optical layer provided on the wavelength-
selective reflective layer and having a light incidence
surface,

wherein the wavelength~selective reflective layer has a
structure including at least five layers in which high
refractive-index layvers and metal layers are alternately
laminated to each other,

when a geometric film thickness L of the entire
wavelength-selective reflective layer is 80 nm, a ratio o of
an optical film thickness of the entire metal layers to an
optical film thickness of the entire high refractive-index
layers and a ratio B of an optical film thickness cf a third
high refractive~index layer from one of a first optical
laver side and a second optical laver side to an optical
film thickness of a first high refractive-index layer
therefrom are included in a first region surrcunded by the
following formulas (1) to (4},

when the geometric film thickness L of the entire

wavelength-selective reflective layer is 20 nm, the ratic «
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(13-0.9)80.1=(a-0.00974)/0.00118594-(120-L)20 ... (28). 4. An optical element comprising: a first
optical layer having a light emission surface; a wavelength-selective reflective layer provided on the
first optical layer; and  a second optical layer provided on the wavelength-selective reflective layer
and having a light incidence surface, = wherein the wavelength-selective reflective layer has a
structure including at least five layers in which high refractive-index layers and metal layers are
alternately laminated to each other,  when a geometric film thickness L of the entire
wavelength-selective reflective layer is 120 nm, a ratio a of an optical film thickness of the entire metal
layers to an optical film thickness of the entire high refractive-index layers and a ratio p of an optical
film thickness of a third high refractive-index layer from one of a first optical layer side and a second
optical layet sifletto-an @pticakfilar-thicknesssela firsthigh refractiveyincdexslayesdherefrom are
included in a first region surrounded by the following formulas (21) to (24), when the geometric film
thickness L%f thé @nfite Waveiéhdgthselective reflective fayerd8d40 nm, the ratio a and the ratio p are
included in a second region surrounded by the following formulas (29) to (32),.and when the
geometric film thi@%(}lnee%;gtlﬁ_% of %eeogﬁﬁrreﬁ/a\% e%g%h-ls%@c%i?/g rLJléflgcf,ti\%1 %y%?%g" ina range of 120 to 140
nm, the ratiga,and ife ratie p-areiineludediin &-space enpelosed bynthe firshregien, the second region,

and the following formulas (33) to (36) a-0.0003132+0.007413+0.0033 ... (21)
90 nm, the ratic o and the ratio B are included in a space

enclosed by the first region, the second region, and the

following formulas (9) to (12)

a=-0.0004B%+0.0053B+0.0065 ... (1)
a=-1x107"B?+0.0007B+0. 0066 ... (2)
a=-1x107f*+0.0005p+0.0119 ... (3)

a=0.012114 ... (4)

a=-0.0002Bf%+0.0039B+0.0087 ... (5)
o==3x107°B?+0.0014B+0.0038 ... (6)
o=-2x107"B%+0.0006P+0.0112 ... (7}

a=0.010589 ... (8)

(B-0.5)/0.67={a-0.01059) /0.00152478=(90-L) /10 ... {9)
(B-5.5)/3.75=(a~0.01059) /0.00152478=(90-L) /10 ... (10}
(B-10.4)/10.6=(@~0.01516)/0.00067768=(90-L)/10 ... (11)
(B~0.8)/0.45=(a~0.01161) /0.0008471=(90-L) /10 ... (12).

2. An optical element comprising:

a first optical layer having a light emission surface;

a wavelength-selective reflective layer provided on the
first optical layer; and

a second optical laver provided on the wavelength-



a-0.0014[32+0.019111-0.0422 ... (22) a=-9x10-132+0.0015P+0.0084 ... (23) a=0.007709 ... (24)
a-0.0014[32+0.0130-0.0027 ... (29) P=10,132a2-241.39a+4.747 ... (30) a=-0.0001P2+0.00211t0.0074
... (31) a=0.006523 ... (32) (0.75-13)/0.15-(a-0.00652)/0.00118594=(140-L)/20 ... (33)
(3.65-13)/0.05-(a-0.00652)/0.00118594=(140-L)/20 ... (34)
(P-3.3)/0.95=(a-0.01245)/0.00084713-(140-L)20 ... (35)
(3.47-13)/2.57-(a-0.00754)/0.00220246-(140-L)/20 ... (36).

selective reflective laver and having a light incidence
surface,

wherein the wavelength-selective reflective laver has a
structure including at least five lavers in which high
refractive~index layers and metal layers are alternately
laminated to each other,

when a geometric f£ilm thickness L of the entire
wavelength~selective reflective layer is 90 nm, a ratio a of
an optical film thickness of the entire metal layers to an
ocptical film thickness of the entire high refractive-index
lavers and a ratio B of an optical film thickness of a third
high refractive-index laver from cne of a first optical
layer side and a second optical laver side to an optical
film thickness of a first high refracitive-index laver
therefrom are included in a first region surrounded by the
following formulas (5) to (8),

when the geometric film thickness L. of the entire
wavelength-selective reflective layer is 100 nm, the ratio «
and the ratio B are included in a second region surrounded
by the following fcrmulas (13} to (16), and

when the geometric film thickness L of the entire
wavelength~selective reflective laver is in a range of %0 to
100 nm, the ratio o and the ratio B are included in a spacs
enclosed by the first regicn, the second region, and the

following formulas (17} to (20)
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5. An optical element comprising:  a first optical layer having a light emission surface; a
wavelength-selective reflective layer provided on the first optical layer; and a second optical layer
provided on the wavelength-selective reflective layer and having a light incidence surface, wherein
the wavelength-selective reflective layer has a structure including at least five layers in which high
refractive-index layers and metal layers are alternately laminated to each other, when a geometric
film thickness L of the entire wavelength-selective reflective layer is 140 nm, a ratio a of an optical film
thickness of the entire metal layers to an optical film thickness of the entire high refractive-index layers
and a ratio p of an optical film thickness of a third high refractive-index layer from one of a first optical
layer side and a second optical layer side to an optical film thickness of a first high refractive-index
layer therefeemarednclpidet. inoa fipstregicrysurrourided by the following formulas (29) to (32),

when the geometric film thickness L of the entire wavelength-selective reflective layer is 160 nm, the
ratio a and ?h:e‘l%iﬁ]oop BrénlRaelin <'8eéond regﬁéﬁ surrounded by the following formulas (37) to
(41), and when §Q%}e m%tyigofggbwc_m@ L of th@ﬁntire wavelength-selective reflective layer is in a
range of 140 to 160 nm, the ratio a and the ratio p are included in a space enclosed by the first region,
the seconddgegion; anddhe following formulas (42) to (45) a-0.0014132+0.0130-0.0027 ... (29)

a=-0.00028%+0.0055B+0.0057 ... {13)
o=-0.0002B*+0.0045p~0.0067 ... (14}
o=—4x107°B*+0.001p+0.0029 ... (15)

a=0.009403 ... (16)

(0.7-B)/0.2=(0-0.0094) /0.001185%94=(100~1) /10 ... (17)
(B~4.4)/1.1=(0-0.0094) /0.00118594=(100-1) /10 ... (18)
(B-6.5)/3.9={a-0.01432)/0.0008471=(100~L) /10 ... (19)
(1-P)/0.2=(@=-0.01093)/0.00067768=(100-L) /10 ... (20).

3. An ocptical element comprising:

a first optical laver having a light emission surface;

a wavelength-selective reflective layer provided on the
first optical layer; and

a second optical laver provided on the wavelength-
selective reflective layer and having a light incidence
surface,

wherein the wavelength-selective reflective layer has a
structure including at least five layers in which high
refractive-index lavyers and metal lavers are alternately
laminated to each other,

when a geometric film thickness L of the entire
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13=10,132a2-241.39a+4.747 ... (30) a-0.00042+0.00213+0.0074 ... (31) a=0.006523 ... (32)
a-0.0042+0.02730-0.0145 ... (37) a-0.00442-0.0334+0.07 ... (38) p =2.875 ... (39)
a=-0.00002+0.002513+0.0062 ... (40) a=0.005676 ... (41)
(0.9-13)/0.15=(a-0.00568)/0.0008471-(160-L)/20 ... (42)
(3.8-13)/0.15=(a-0.00568)/0.0008471-(160-L)/20 ... (43)
(13-2.85)/0.45=(a-0.01203)/0.00042355=(160-L)/20 ... (44)

wavelength~selective reflective layer is 100 nm, a ratio o
of an coptical film thickness of the entire metal layers to
an optical film thickness of the entire high refractive-
index lavers and a ratio  of an optical film thickness of a
third high refractive-index layer from one cf a first
optical layer side and a second optical layer side to an
optical £ilm thickness of a first high refractive-index
layer therefrom are included in a first region surrounded by
the following formulas (13) to (16),

when the geometric film thickness L of the entire
wavelength-selective reflective layver is 120 nm, the ratic a
and the ratic B are included in a second region surrounded
by the following formulas (21) to (24), and

when the geometric film thickness L of the entire
wavelength-selective reflective layer is 1n a range cf 100
to 120 nm, the ratio o and the ratio B are included in a
space enclosed by the first region, the second region, and

the following formulas (2bH) to (28)

o=-0.0002P"+0.0055B8+0.0057 ... (13}
o=-0.0002B%+0.0045B8-0.0067 ... (14)
o=-4x107°B*+0.001B+0.0099 ... (15)
a=0.009403 ... (16)
o=~0.,0003B%+0.0074B+0.0033 ... (21)
o=-0.0014p+0.0191B-0.0422 ... (22)
o==-9x107°B*+0. 0015B+0. 0084 ... (23)
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(P-1.05)/2.42-(0.00864-a)/0.00110123--(160-L)/20 ... (45). 6. An optical element comprising: a first
optical layer having a light emission surface; a wavelength-selective reflective layer provided on the
first optical layer; and a second optical layer provided on the wavelength-selective reflective layer
and having a light incidence surface, wherein the wavelength-selective reflective layer has a
structure including at least five layers in which high refractive-index layers and metal layers are
alternately laminated to each other, when a geometric film thickness L of the entire
wavelength-selective reflective layer is 160 nm, a ratio a of an optical film thickness of the entire metal
layers to an optical film thickness of the entire high refractive-index layers and a ratio p of an optical
film thickness of a third high refractive-index layer from one of a first optical layer side and a second
optical Iayeﬂgi@ie%%?r@ Bptical filarthickness of a first high refractive-index layer therefrom are included

in a first reqi i gréﬁj ded t&ll&pe é’y%" %f%rmrg ?§37)1t200(41 %Onvr\r/lh(;r]\ {9% geometric film

thickness L iré wal elengt tlve ctive ayer IS1 e rat 0 a and the ratio p are

included in @@@0@@@9@@;} surroynded by-thefollewing, formulas £46) to (49) @nd when the

geometric film thickness L of the entire wavelength-selective reflective layer is in a range of 160 to 180
nm, the ratiofar andihé 2atié p @elntluded/ in DSpade ehelosed-By thelfirst redidn, the second region,

an?gtsh)e foIIO\B/ang for Oulalti (50) toO(053)7 & /% 0855128 599%27(%P2 OO %45 . (5%7) (%3()).9043p2-0.0334+0.07

4. An optical element comprising:

a first optical layer having a light emission surface;

a wavelength-selective reflective laver provided on the
first coptical laver; and

a second cptical layer provided on the wavelength-
selective reflective layer and having a light incidence
surface,

wherein the wavelength-selectlive reflective layer has a
structure inciuding at least five layers in which high
refractive-index lavers and metal layers are alternately
laminated to each other,

when a geometric film thickness L of the entire
wavelength-selective reflective layer is 120 nm, a ratio o
of an optical film thickness of the entire metal layers to
an optical film thickness of the entire high refractive-
index layers and a ratio [ of an optical film thickness of a
third high refractive-index laver from one cof a first
optical layer side and a second optical layer side to an

optical film thickness of a first high refractive-index



p =2.875 ... (39) a=-0.0001P2+0.0025P+0.0062 ... (40) a=0.005676 ... (41)
a=-0.0103P2+0.0413-0.0322 ... (46) a-0.00942-0.067713+0.1212 ... (47) a=-0.00042+0.0030+0.0046
... (48) a=0.00498 ... (49) (1.05-14)/0.15=(a-0.005)/0.00067768=(180-L)/20 ... (50)
(P-2.75)/1.05=(a-0.005)/0.00067768=(180-L)/20 ... (51)
(P-2.4)/0.45=(a-0.01177)/0.00025413=(180-L)/20 ... (52)

layer therefrom are included in a first regilon surrounded by
the following formulas (21) to (24},

when the geometric film thickness L of the entire
wavelength~selective reflective layer is 140 nm, the ratio «
and the ratic P are included in a second region surrounded
by the following formulas (29) to (32), and

when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 120
to 140 nm, the ratio o and the ratio P are included in a
space enclosed by the first reglion, the second region, and

the following formulas (33) to (36)

a=-~0.0003B%+0,0074B+0.0033 ... (21)
o=-0.0014R*+0.0191B-0.0422 ... (22)
a=-9x107°B*+0.0015B+0.0084 ... (23}

a=0.007709 ... (24)

o=-0.0014p%+0.0136B-0.0027 ... (29)
B=10,1320°~241.3%+4.747 ... (30)
o=~0.0001B*+0.002B+0.0074 ... (31)

a=0.006523 ... (32)

(0.75-B)/0.15=(0—0.00652) /0.00118594=(140~1) /20 ... (33)
(3.65-B) /0.05={a-0.00652)/0.00118594=(140-L) /20 ... (34)
($-3.3)/0.95=(e1~0.01245) /0.0008471=(140-1)20 ... (35}
(3.47-PB)/2.57={a~0.00754) /0.00220246=({140-L} /20 ... (36).

5. An optical element comprising:
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(1.2-P)/0.15=(a-0.00856)/0.00008471=(180-L)/20 ... (53). 7. The optical element according to Claim 1,
wherein when the geometric film thickness L of the entire wavelength-selective reflective layer is 80
nm, the ratio a and the ratio p are included in a third region surrounded by formulas (1) to (3) and the
following formula (54), when the geometric film thickness L of the entire wavelength-selective
reflective layer is 90 nm, the ratio a and the ratio p are included in a fourth region surrounded by
formulas (5) to (7) and the following formula (55), and when the geometric film thickness L of the
entire wavelength-selective reflective layer is in a range of 80 to 90 nn, the ratio a and the ratio p are
included in a space enclosed by the third region, the fourth region, and the following formulas (56) to
(60) a=-6x1076P2+0.0002P+0.0141 ... (54) a=-1x1052+0.0002+0.0125 ... (55) (P-0.8)/11.6
=(a-0.01161)/0.003981:37=(909) Q. .. 1L(66) 1 Pe8.9) D . 4=(R:0101 398)/0:001524:48=(86-L)/10 ... (57)
(P-10.4)/10.6-(a-0.01516)/0.00067768=(90-L)/10 ... (58) (P-4.9)/16.1 _

=(a-0.01347)/0.0023 P88 86 1T L e (50) (P-4 9)/7e5=(a76. 01347/ 00 G P ELAA B0 ADL0 ... (60). 8.

The optical glement,gcqording IQ,Claim, 2.,

a second optical laver provided on the wavelength-
selective reflective layer and having a light incidence
surface,

wherein the wavelength-selective reflective laver has a
structure including at least five layers in which high
refractive~index layers and metal lavers are alternately
laminated to sach other,

when a geometric film thickness L of the entire
wavelength-selective reflective layer is 140 nm, & ratio «
of an optical film thickness of the entire metal layers to
an cptical film thickness of the entire high refractive-
index layers and a ratio B of an coptical film thickness of a
third high refractive~index layer from one of a first
optical layer side and a second optical layer side to an
optical film thickness of a first high refractive-index
layer therefrom are included in a first region surrounded by
the following formulas (29) to (32),

when the geometric film thickness L of the entire
wavelength-selective reflective layer is 160 nm, the ratio w
and the ratio B are included in a second region surrounded
by the fcllowing formulas (37) to (41), and

when the geometric film thickness L cof the entire
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wherein when the geometric film thickness L of the entire wavelength-selective reflective layer is 90
nm, the ratio a and the ratio p are included in a third region surrounded by formulas (5) to (7) and the
following formula (55), when the geometric film thickness L of the entire wavelength-selective
reflective layer is 100 nm, the ratio a and the ratio p are included in a fourth region surrounded by
forMulas (13) to (15) and the following formula (61), and when the geometric film thickness L of the
entire wavelength-selective reflective layer is in a range of 90 to 100 nm, the ratio a and the ratio p are
included in a space enclosed by the third region, the fourth region, and the following formulas (62) to
(65) a--1x10-132+0.00021110.0125 ... (55) a=-3x105p2+0.0004P+0.0113 ... (61)
(1-13)/0.2=(a-0.01093)/0.0067768-(100-L)/10 ... (62) (P-5.8)/3.1=(a-0.01262)/0.00135536-(100-L)/10
... (63) (P-6:5)/3.9=x(a-(h0 343 2)/0.000847 1 =¢L00-1 ) 102 v 464} P-218 )2 1=(50.0£22)/0.00127065

--(100-L)/10 ... (65). . .
( ) o 568 nm, the ratio o and the ratio P are included in a
space enclosed by the first region, the second region, and

the following formulas (42Z2) to (45)

o=-0.0014B*+0.0136B-0.0027 ... {(29)
B=10,1320°-241.3%x+4.747 ... (30}
o=-0,0001p*+0.002B+0.0074 ... (31)

a=0.006523 ... (32)

o=~0.005p%+0.0273B-0.0145 ... {(37)
o=0.0043B°-0.0332B+0.07 ... (38)

B=2.875 ... (39

a=-0.0001p*+0.0025B+0.0062 ... (40)

0=0.005676 ... (41)

(0.9-B)/0.15=(at—-0.00568) /0.0008471=(160-1L)/20 ... (42}
(3.8-PB)/0.15=(¢t-0.00568) /0.0008471=({160-L) /20 ... (43)
(B~2.85)/0.45=(a~0.01203) /0.00042335=(160-L} /20 ... (44)
(B-1.05)/2.42=(0.00864-u)/0.00110123=(160-L) /20 ... (45).

6. An optical element comprising:

a first optical layer having a light emission surface;

a wavelength-selective reflective layer provicded on the
first optical layer; and

a second optical laver provided on the wavelength-
selective reflective layver and having a light incidence

surface,
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9. The optical element according to Claim 3, wherein when the geometric film thickness L of the
entire wavelength-selective reflective layer is 100 nm, the ratio a and the ratio p are included in a third
region surrounded by formulas (13) to (15) and the following formula (61), when the geometric film
thickness L of the entire wavelength-selective reflective layer is 120 nm, the ratio a and the ratio p are
included in a fourth region surrounded by formulas (21) to (23) and the following formula (66), and
when the geometric film thickness L of the entire wavelength-selective reflective layer is in a range of
100 to 120 nm, the ratio a and the ratio p are included in a space enclosed by the third region, the
fourth region, and the following formulas (67) to (70) a=-3x10-5132+0.0004P+0.0113 ... (61)
a=-7x10-5p2+0.0007P+0.0097 ... (66) (P-0.9)/0.1=(a-0.00974)/0.00118594-(120-L)/20 ... (67)
(P-4)/1.8 g(t-0.01 ¥44)y/e.00118594=(E2G-1y20-:468)y tive reflective layer has a
(13-4.25)/2.25=(a-0.0133)/0.00101652=(120-L)/20 .... (69) , . .

(13-1.7)/1. 1(2E0°01078)/0:00 144067 2(1 205020 1 (Foyt & vers in which nich

refractive-index layers and metal lavers are alternately
laminated to each other,

when a geometric film thickness L of the entire
wavelength-selective reflective layer is 160 nm, a ratio o
of an optical film thickness <¢f the entire metal layers to
an optical film thickness of the entire high refractive-
index lavers and a ratio B of an optical film thickness of a
third high refractive-index layer from one of a first
optical lavyer side and a second optical layer side to an
optical film thickness of a first high refractive-index
layer therefrom are included in a first region surrounded by
the following formulas (37) to (41},

when the gecmetric film thickness L of the entire
wavelength-selective reflective layer is 180 nm, the ratio o
and the ratio P are included in a second region surrounded
by the following formulas (46) to (498), and

when the geometric film thickness L of the entire
wavelength-selective reflective layer 1s in a range of 160
to 180 nm, the ratio o and the ratio B are included in a
space enclosed by the first region, the second regicn, and
the following formulas (50) to (53]
0=-0.005p°+0.0273pF-0.0145 ... (37)

o=0.0043B°-0.0332B+0.07 ... {38)
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10. The optical element according to Claim 4, wherein when the geometric film thickness L of the
entire wavelength-selective reflective layer is 120 nm, the ratio a and the ratio p are included in a third
region surrounded by formulas (21) to (23) and the following formula (66), when the geometric film
thickness L of the entire wavelength-selective reflective layer is 140 nm, the ratio a and the ratio p are
included in a fourth region surrounded by formulas (29) to (31) and the following formula (71), and
when the geometric film thickness L of the entire wavelength-selective reflective layer is in a range of
120 to 140 nm, the ratio a and the ratio p are included in a space enclosed by the third region, the
fourth region, and the following formulas (72) to (75) a=-7x10132+0.000713+0.0097 ... (66)
a-0.0001132+0.001113+0.0083 ... (71) (1-13)/0.1-(a-0.00923)/0.00050826=(140-L)/20 ... (72)
(13-3.3)/0. 73(a:0201:042)/0.00201652=(140-L)/20 ... (73)

(3 -3.3)10.95~(2-0.01245)/0.0008471-(140-L)/20 ... (74) (13-1.1)10.6=(a-0.0094)/0.00135536-(140-L)/20
. (75). JO001P +0.0025p+0.006% .

o=0.000676 ... (41)

a=-0.0103B*+0.047B-0.0322 ... (486)

a=0.0093p*-C.0677B+0.1212 ... (47)

o=—-0.0003p*+0.0036PB+0.0046 ... (48)

0=0.00498 ... (49)

(1.05-P)/0.15={-0.005)/0.00067768=(180~L) /20 ... (50}

(p-2.75)/1.05=(0.-0.005) /0.00067768=(180~-L) /20 ... (51)

(f=2.4)/0.45={a~0.01177)/0.00025413={180~1L) /20 ... (52)

{(1.2-p)/0.15=(a~0.00856) /0.00008471=(180~L) /20 ... (53).
7. The optical element according to Claim 1,

wherein when the geometric film thickness L of the
entire wavelength-selective reflective layer is 80 nm, the
ratio a and the ratio P are included in a third region
surrounded by formulas (1) to (3) and the fecllowing formula
{(54),

when the geometric film thickness L of the entire
wavelength-selective reflective layer is 90 nm, the ratio o
and the ratioc B are included in a fourth region surrcunded
by formulas (5} to (7) and the following formula (55), and

when the geometric film thickness L of the entire
wavelength-selective reflective layer is in a range of 80 to

90 nm, the ratio o and the ratic B are included in a space
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11. The optical element according to Claim 5, wherein when the geometric film thickness L of the
entire wavelength-selective reflective layer is 140 nm, the ratio a and the ratio p are included in a third
region surrounded by formulas (29) to (31) and the following formula (71), when the geometric film
thickness L of the entire wavelength-selective reflective layer is 160 nm, the ratio a and the ratio p are
included in a fourth region surrounded by formulas (37) to (40) and the following formula (76), and
when the geometric film thickness L of the entire wavelength-selective reflective layer is in a range of
140 to 160 nm, the ratio a and the ratio p are included in a space enclosed by the third region, the
fourth region, and the following formulas (77) to (80) a=-0.0001P2+0.0011P+0.0083 ... (71)
a-0.00042+0.001611+0.0067 ... (76) (1.05-P)/0.05-(a-0.00822)/0.00101652=(160-L)/20 ... (77)
(P=2.85)/0.45¢a<3.0098%)/0:60050826-2(1H60-h)/20he (78)1rth region, and the

following formulas (56) to (60)

0=—6x107B240. 0002B+0. 0141 ... (54)
a=-1x1073R2+0.0002B+0.0125 ... (55)
(B-0.8)/11.6=(0~0.01161)/0.00398137=(90-L} /10 ... (56)
(B-8.9) /10.4={0—=0.01398) /0.00152478=(90-L) /10 ... (57)
(B-10.4)/10.6=(0-0.01516) /0.C0067768=(90-L) /10 ... (58]
(B-4.9) /16.1={0~0.01347)/0.00237188=(90-L) /10 ... (59)
(B-4.9)/7.5={0~0.01347) /0.00211775={90-1L) /10 ... (60).

8. The optical element according to Claim 2,

wherein when the geometric film thickness L of the
entire wavelength-selective reflective layer is 90 nm, the
ratio o and the ratio P are included in a third region
surrounded by formulas (5) to {7) and the following formula
(55},

when the geometric film thickness L of the entire
wavelength-selective reflective layer is 100 nm, the ratio o
and the ratio P are included in a fourth region surrounded
by formulas {(13) to (15} and the following formula (61}, and

when the geometric £ilm thickness L of the entire
wavelength-selective reflective layer is in a rangs of 30 to
100 nm, the ratic @ and the ratio B are included in a space
enclosed by the third region, the fourth region, and thes

following formulas (62) to (65)
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(P-2.85)/0.45=(a-0.01203)/0.00042355=(160-L)/20 ... (79)
(P-1.05)/0.05=(a-0.00864)/0.00076239=(160-L)/20 ... (80). 12. The optical element according to Claim
6, wherein when the geometric film thickness L of the entire wavelength-selective reflective layer is
160 nm, the ratio a and the ratio p are included in a third region surrounded by formulas (37) to (40)
and the following formula (76), when the geometric film thickness L of the entire wavelength-selective
reflective layer is 180 nm, the ratio a and the ratio p are included in a fourth region surrounded by
formulas (46) to (48) and the following formula (81), and when the geometric film thickness L of the
entire wavelength-selective reflective layer is in a range of 160 to 180 nm, the ratio a and the ratio p
are included in a space enclosed by the third region, the fourth region, and the following formulas (82)

to (85) a-0.08642+0.001.6133-000Q87 ..0(26) ... (55)
o=-3x107°B%+0.0004B+0.0113 ... (61)
(1-B) /0.2=(a-0.01093) /0.0067768=(100-1) /10 ... (62)
(B-5.8)/3.1={0-0.01262) /0.00135536=(100-1) /10 ... (63)
(B-6.5)/3.9=(a~0.01432) /0.0008471=(100-L) /10 ... {6&4)
(B-2.8)/2.1=(a~0.0122) /0.00127065=(100-L) /10 ... (65).

9. The optical element according to Claim 3,

wharein when the geometric film thickness L ¢of the
entire wavelength-selective reflective layer is 100 nm, the
ratio o and the ratio P are included in a third region
surrounded by formulas (13) Lo (15) and the following
formula (61},

when the geometric film thickness L of the entire
wavelength-selective reflective layer 1s 120 nm, the ratio o
and the ratio B are included in a fourth region surrounded
by formulas (21} to (23) and the following formula {(66), and

when the geometric film thickness L of the entire
wavelength-selective reflective lavyer 1s in a range of 100
te 120 nm, the ratic o and the ratio P are included in a
space enclosed by the third region, the fourth region, and

the following formulas (67) to (70)

o=-3x107*B°+0. 0004BR+0.0113 ... (61}
a==-Tx107°B+0. 0C07B+0.0097 ... (66)
(B-0.9)/0.1=(0-0.00974)/0.001185%94={120-1) /20 ... (67)
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a-0.0003132+0.0024+0.0055 ... (81) (1.15-13)/0.1-(a-0.00754)/0.00067768=(180-T)/20 ... (82)
(P-2.55)/0.3=(a-0.00889)/0.00101652,-(180-L)/20 ... (83)
(P-2.4)/0.45=(a-0.01177)/0.00025413=(180-L)/20 ... (84)
(1.2-P)/0.15,-(a-0.00856)/0.00008471--(180-L)/20 ... (85) 13. The optical element according to one of
Claims 1 to 6, wherein the first optical layer has a concavo-convex surface, the.
wavelength-selective reflective layer is provided on the concavo-convex surface, and

(B-43/1.8=(x-0.01144)/0.00118594=(120-L)/20 ... (68)

(B-4.25)/2.25=(a-0.0133)/0.00101652=(120~L)/20 ... (69)

(B-1.7y/1.1=(e-0.01076) /0.00144007=(120-1) /20 ... (70).
10. The optical element according to Claim 4,

wherein when the geometric film thickness L of the
entire wavelength-selective reflective layver is 120 nm, the
ratio o and the ratio P are included in a third region
surrounded by formulas (21} to (23) and the following
formula (66),

when the geometric film thickness L of the entire
wavelength-selective reflective layer 1s 140 nm, the ratio o
and the ratio B are included in a fourth region surrounded
by formulas (29) to (31) and the following formula (71), and

when the geomeltric film thickness 1L of the entire
wavelength-selective reflective layer is in a range of 120
to 140 nm, the ratio o and the ratio f are included in a
space enclosed by the third region, the fourth region, and

the following formulas (72) to {75)

a=-Tx107°B*+0.0007B+0.0087 ... (66)
a=-0.0001B%+0.0011B+0.0083 ... {71)

(1-B) /0. 1= (e=0.00923)/0.00050826=({140-1) /20 ... (72)
(B-3.3)/0.7=(0~0.01042)/0.00101652=(140-L) /20 ... (73)
($-3.3)/0.95=(a-0.01245)/0.0008471=(140-L)/20 ... (74)
(B-1.1)/0.6=(a-0.0094)/0.00135536=(140-L}) /20 ... (75).
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the second optical layer is provided on the wavelength-selective reflective layer so as to fill the
concavo-convex surface. 14. The optical element according to one of Claims 1 to 6, wherein
the film thickness of the first high refractive-index layer is approximately equal to that of the fifth high
refractive-index layer. 15. The optical element according to one of Claims 1 to 6, wherein the
film thickness of a second metal layer is approximately equal to that of a fourth metal layer. 16.
The optical element according to one of Claims 1 to 6, wherein the refractive index of each high
refractive-index layer and the refractive index of each metal layer are each a refractive index at a light
wavelength of 550 nm. to 6, 17. The optical element according to one of Claims 1 wherein each high
refractive-index layer has a - 169 - refractive index higher than that of each metal layer.

il. The optical element acceocrding to Claim 5,

wherein when the geometric film thickness L of the
entire wavelength-selective reflective laver is 140 nm, the
ratio @ and the ratic f§ are included in a third region
surrounded by formulas (29} tc (31} and the following
formula (71},

when the geometric £ilm thickness L of the entire
wavelength-selective reflective layer is 160 nm, the ratio «
and the ratio B are included in a fourth region surrounded
by formulas (37) to {40} and the following formula (76}, and

when the gecometric £ilm thickness L of the entire
wavelength-selective reflective layer is in & range of 140
to 160 nm, the ratio o and the ratio P are included in a
space enclosed by the third region, the fourth region, and

the following formulas {77) to (80)

o=~0.0001B*+0.0011B+0.0083 ... (71)
oa=~0.0002Pp%*+0.0016B+0.0067 ... (76)
(1.05-B)/0.05=(a~0.00822)/0.00101652=(160-L)/20 ... (77)
(B~2.85) /0.45={a-0.00991) /0.00050826=(160-1) /20 ... (78)
(B-2.85)/0.45={0—-0.01203) /0.00042355=(160-L) /20 ... {79)
(B-1.05)/0.05=(a~0.00864) /0.00076239=(160-L)/20 ... (80).

12. The optical element according to Claim 6,

wherein when the gecmetric film thickness L of the
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18. The optical element according to one of Claims 1 to 6, wherein the refractive index of each
high refractive-index layer is in a range of 1.7 to 2.6. 19. The optical element according to one of
Claims 1 to 6, wherein each high refractive-index layer contains at least one selected from the group
consisting of niobium oxide, zinc oxide, titanium oxide, and tantalum oxide, and each metal layer
contains a Ag alloy. 20. A window material comprising: the optical element according to one of Claims
1to 19. 21. Ag comprising: the optical element according to one of Claims 1 to 19 at a lighting
portion.  22. An Insolation shielding device comprising: at least one insolation shielding member
which shields sunlight, wherein the Insolation shielding member includes the

entire wavelength-~selective reflective layer is 160 nm, the
ratic o and the ratio P are included in a third region
surrounded by formulas (37) to {40) and the following
formula (76},

when the geometric f£ilm thickness L cf the entire
wavelength-selective reflective layer is 180 nm, the ratio «
and the ratio P are included in a fourth region surrounded
by formulas (46) to (48) and the following formula (8l), and

when the geometric film thickness L cf the entire
wavelength-selective reflective layer is in a range of 160
to 180 nm, the ratiQ o and the ratic P are included in a
space enclosed by the third region, the fourth reglon, and

the following formulas (82) to {85)

a=-0.0002R"+0.0016R+0.0067 ... (76)
a=~0.0003p*+0.0021B+0.0055 ... (81)
(1.15-P)/0.1=(0—-0.00754) /0.00067768=(180-L) /20 ... (82)
(B-2.55)/0.3={a-0.00889) /0.00101652=({180-L}) /20 ... (83)
(B-2.4)/0.45={0~0.01177)/0.00025413=(180-L) /20 ... (84)
(1.2-B)/0.15=(0-0.00856)/0.00008471=(180-L) /20 ... (85).

13. The optical element according to one of Claims 1
to 6,

wherein the first optical layer has a concavoe-convex
surface,

the wavelength-selective reflective layer is provided
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optical element according to one of Claims 1 to 19.

on the concavo-convex surface, and
the second optical layer is provided on the wavelength-
selective reflective layer so as to f£ill the cconcavo-convex

surface.

14. The optical element according to one c¢f Claims 1
to 6,

wherein the film thickness of the first high
refractive-index layer is approximately egual tc that of the

fifth high refractive-index layer.

15. The optical element according toc one of Claims 1
to 6,
wherein the film thickness of a second metal layer is

approximately egual to that of a fourth metal laver.

16. The optical element according to one of Claims 1
to 6,

wherein the refractive index of each high refractive-
index layer and the refractive index of each metal layer are

each a refractive index at a light wavelength of 550 nm.
17. The optical element according to one of Claims 1
to 6,

wherein esach high refractive-index laver has a
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refractive index higher than that of each metal lavyer.

18. The optical element according to one of Claims 1
to &,
wherein the refractive index of each high refractive-

index laver 1is in a range of 1.7 to 2.6,

12, The optical element according to one of Claims 1
to 6,

wherein each high refractive-index layer contains at
least one selected from the group consisting of niobium
oxlde, zinc oxide, titanium oxide, and tantalum oxide, and

each metal layer contains a Ag alloy.

20. A window material comprising:

the optical element according to one of Claims 1 to 19.

21. A fitting comprising:
the optical element according to one of Claims 1 tec 19

at a lighting portion.

22. An insolation shielding device comprising:
at least one insolation shielding member which shields
sunliight,

wherein the insoclation shielding member includes the
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optical element according to one of Claims 1 to 19.
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